
ELECTRIC TRACTION. 


-f 


Six Lectures delivered in March 1902 at the 
Civil Engineering College, Sibpur, 


nr 

J. W, MEARES, 


FBLLOW OP Tltn EOYAt AaillONOMICAL flOCIETr, 
MFMBEa OP TBE JW^TlTTTMOjf pT ULKCWBICAL IBNOINBKBR, 
fcLBOTElOAL IWCUNUBB tO Tlrr-OOtlilJ^Rft^1^W^ OP UnNOAU 


ll«. << i ( J 

y /*■ 


LECTURES ON ELECTRICAL ENGINEERING BY THE SAME AUTHOR. 



CALCUTTA : 

BENGAL SEOBETARIAT rJlESS. 

1002. 

[Jp;<jc(!— 77 /rf{fl», its, 1-8; JEnfflish, Sa. Sti.} 


I 


J - 




7631 


Piiblisbod at the Bengal Secretariat Book DepOt, 
Wilbers* Buildings, Oalcuttu. 


OB^arioiJLXi JLca-masTTB- 

In India — 

Messrs Thaoker, Sfink & Co*, Ooloutta ami 
Simla. 

MBBaBS, Newman & Co., Calcutta* 

Mssaiia. Hioqinrotham & Co., Madras. 

Messrs. Thacker & Co , Ld., Bombay. 

Messrs. A. J CoAmniDUB k Co., Bombay. 

Mr. E. Seymour Hale, 53 Esplanodo Kuad, 
Fort/ Bombay, aud Calcutta. 

The Sufbrintendent, American Baptist 
Mission Press, Xtongoon. 

Uai Sahib M. Gulab Singh k Sons, Proprietors 
of the Mufid-l-am Press, LuUoro, Punjab, 

In England^ 

Mr. E. a. Arnold, 37 Bedford Street, Strand, 
London. 

. Messrs. Constable fie Co., 2 Whitehall 
Gardens, Loudon. 

Messrs. Sampson Low, Marston k Co., St, 
Dunstun*s House, FoLtei Lone, London. 

Messrs Luzao & Co., 4G Great Kuasull Stroot, 
London. 

Messrs. Keoan Paul, Trench, Trudnkr & Co,, 
Charing Cross Hood, London.- 

Mr. B, Alfred Quaritoh, 15 Piccadilly, 
London, 

Messrs. P. B. King fie Son, 2 fit 4 Great Smith 
Stroet, Westministor, Loudon. 

Messrs H. S. King k Co., 66 Oomhill, Loudon, 

Messrs. Williams k Norgate, Oxford. 

Messrs. Dbighton Bell k Co., Cambridge, 

On the Continent — 

Messrs, B. Friedlander fit Bohn. Berlin, 

N. W. OarlatrosBo, 11. 

Mb. Otto Harrasbowitz, Leipzig. 

Mr. Karl Hikbssmann, Loip.sig. 

Mb, Ernest Lbroux, 28 Rue Boimporto, Parie. 

Mr. Martinus Nijhofp, The Hague, 




AUTHOR’S NOTE. 


In order to treat tiio aultjcot aatthfiuilorily the ai'x lectures luiro boon printed 
as tiro only. ■ <- v- - 


TABLE OP CONTENTS 
Lbcxubs I.— Syetems other than overhead 


Lsctitbu III.- 


Jntrodurtiou • . • . 

• 



1 

ClnRsinoation 

• 



2 

Sysfioins ..... 




3 

Suir-(uinfcniiiod ctirs .... 

. 

• 


4 

Camluuatiou of accumulator niul otlior fiysloms 

t 


7 

General notes on traction from ]}o\vur* 8 intionB 




DeJinilions . .... 




ih 

CoTiiluiii sysioius . 




0 

Surface oontnet systomH 




18 

Tlunl rail Hysiem .... 




10 

Elovaled oloclrio railways 




17 

Uiulcrgroniul oloetrio railways 


« 


JH 

Locomotives and motor (ruckn 




20 

-The Overhead System 





Aoriul linos 




23 

Variolios oC ovorJiond electric troolion 




24 

Ovorlioiul Hyetom 'vnlli nut rutiirij 

Track oonetruotlon .... 




id. 

Foundnlionst rnilp luid lies 




26 

S|)ariai rails* ijoiiits, crossni^fs, eurvoH 


1 


28 

72 ail roturns and bonding; 

9 

» 


29 

MithodsoC hoiuliiii; 4 . . , 

• 

f 


S3 

Conf muons woldod rails . 

■ 

t 


34 

I'VodorH • . . 4 . 


1 


36 

Motliods of urrangnip^ foodurs 


« 


80 

TiOyin^' of fi. odors 

■ 



89 

.1 unet ion lioxos 

• 



40 

Lighluing arrestors .... 

ft 

ft 


^1 

-Overhead System (nonliimod) . 

ft 

f 



Poles and brackets .... 


• 


48 

TIio trolley wire cud its adjuncts . 




4S 

Guard wires 




01 

Oolloction of current ; Siomona* bow « 


« 


64 

Pitto ditto; trolley wheels « 




66 

Oars t 

■ 

■ 


63 

Motors ...... 

« 



69 

Control 

e 

« 


61 

firakes 

• 



65 



11 


Paom 

LEOTUfiB IV.— Power Station ... .... 

Building and equipment ^7 

Enginea 6® 

Steam and cool oonaumption 70 

71 

Generators . 73 

Switchboards 76 

Board of Trade panel • - 76 

General notes 

Power and acceleration 78 

Speed 60 

Boosting . iB 

Electrolysis ... .... 82 

Interference . . 88 

Accidents and their preyention 87 

Govemment of India rules . • tO 

Lbotuhb V.— Description of some existinff ezamples of elec- 
tric traction ^ 

Oadoutta .... .... 04 

Boiler-house , , , , . . 

Engine-room 

Switchboard . . . 06 

Feeders . . . , . t6. 

Eetum feeders ... .... 96 

Negative boosters . . . . . . i&. 

Track . .08 

Bolling-stook 00 

Board of Trade tests . .... 

Guarding ... ... lOO 

Lightning arresters . . .^ . ih, 

Berlin 101 

Pow-er- station ih. 

Sub-stations and distribution ..... 102 

SnaefeU tramway 103 

Wolverhampton (surface contact) ... 104 

Operating devices ib. 

Central London Railway 106 

Boiler-house . . . . \ . . . 107 

Engine-room 108 

Feeders 

Sub-stations ih. 

The line 109 

Tunnels and gradients 110 

Rolling-stock ih. 





• • • 

111 

Paoh. 


High speed, high pressure experimental line . 110 

London Tramways IIS 

Power Louse . . »5 

Svritohboards . 114 

Lines . . 


AprBNDix I.— Q-ovemment of India Electric Lighting and Traction 

rules . . . 

ArrisNDix II— Boport of the Joint Select Committee on Eleotno 


Powers (Protective clauses) xviu 

Avphnwx III.— ‘Boport of Committee on guarding .... xxii 
ArpnNPix IV.— British Post Office rules as to guarding . . . xxv 

Appendix V.— lilloctncal accidents xxvii 



/ 




BLEOTRIO TRACTION 


LEOTUBB I. 

^ 

Systems othbe than Overhead. 

Introduciion. — I am much gratified at the honour paid 
me in being asked a second time to deliver a coui’se of 
lectures at this College, and I take this opportunity of saying 
that I trust my previous course has proved of praoticid 
benefit to some or you. I am very pleased to be able to 
congratulate the students who hare taken up the special 
electrical classes on the success of those who have preceded 
them in obtaining appointments. This has been invariably 
the case, I believe, and the demand has actually been in 
excess of the supjfiy lip to the present time. And yet it 
may safely be said that the electrical era in India has 
scarcelj commenced; for so fax as 1 know there are, exclude 
ing private plants, only three public electric-supply stations 
and one tramway system actually working, and about half-a- 
dozen more schemes in contemplation or under construction. 
This province is well to the fore in the matter, and Calcutta 
as is only right holds the first place with its extensive 
installations both for general electrical supply and for 
tramways, the latter nearly completed. But what a field is 
yet untouched! Light railways, which in most countries 
are almost exclusively electrical, are here worked by steam 
where they exist at all; transmission of power is represented 
by one large industrial scheme in the Mysore gold-fields, 
and another under construction in the north ; and other cities, 
besides Calcutta and Dacca, must surely require electric light 
and fans and punkha-pulling machines. That the new 
Imperial Electricity Bill, introduced the other day in the 
Supreme Legislative Council, will assist the development of 
electrical enterprise may be considered certain. 

But I must get to my subject, for in half-a-dozen lectures 
it is obviously no easy matter to deal with a question on 
which scores of large books have been written, and yet to 
give an intelligible idea of the main features of electric 
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traction. Just as in my prGyious course of lectures I 
selected what seemed likely to be the woi’k you would seo 
most of, so now it is useless for me to aticmi)t to cover the 
whole field; but after a general survey 1 shall coniine 
myself mainly to one system. And there is another dilliculty 
in which I find myself involved, namely that when I keep 
to general matters I am telling the special oloctricul students 
nothing they do not already know, while whon J (ionie to 
the_ particular I run the risk of being nuintolligible to a 
majority of those present. 

ClassificaUon . — Electric traction may bo omjiloyod in a 
number of capacities, wliicb may bo convouiontly clussilled 
under four headings — 

Self-contained vehicles other than tramcars. 

{li) Urban tramways. 

(m) Light railways and intov-urbun tramways. 

(iv) Railways 

nder (e) come electrical motor cars and lauriche.s, with 
neither of which wo need concern ourselves greatly except 
to say that, though quite practicable, they have not so far 
proved commercially successful against tlio rivalry of koresitm 
and the lighter oils. The groat weight of load accunuilators, 
their heavy cost of upkeep whon subject to rough usage, and 
the meagre facilities for charging tliom, put thorn out of 
competition with a source of energy wbich, even when not 
available at the nearest shop, can always bo stored 
in advance. 

To urban and inter-urban tramways I shall chiefly 
confine myself, though ray ith heading (Railways) is ouo 
on which the future will have the chief say. Until compnrti- 
tively recently the question of using oloctricul oaorgy ns the 
motive power on ordinary rail-roads had been scarcely 
touched, but it has been boldly attacked by Mr, Laiigdou 
in a_ masterly paper read before the Institution of Klcotrionl 
Engineers, followed by a most interesting discua.sion. Tho 
main contention was that ooonoiny in working oxponsos 
would be enhanced by generating in bulk at groat central 
stations and transniitting at extra high prossuro to sub- 
stations along the line. Obviously in this country, whore 
distances are enormously greater and tralfic is far loss, such 
a plan would be futile as regards tho trunk roads, Even 
in England the general trend of the disoussion led mo 
to the conclusion tha-t the steam-engine has a long tether 
yet as regards trunk lines, but there seems every probability 
of its supersession on the short and crowded linos in and 
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about large towns, while for underground railways it is 
already virtually obsolete. But it is doubtful whether the 
merits and possibilities of electric traction for bill railways 
have been recognised fully as yet; one such scheme has 
, indeed been talked about and reported on in Cashmere, but 

it has not yet gone beyond the stage of paper discussion. 

' Mountain railways electrically worked already exist in many 

countries, and wiiere rack systems are used there is hardly 
^ a limit to the grade that can be negotiated. Even by 

ordinary rail adhesion grades steeper than any on the 
Darjeelmg Railway are easily managed, and in the Isle of 
Man there is an electric tramway rising by this means to a 
height of about 2,000 feet by gradients as steep ns 1 in 12 
and even 1 in 10, though for descending and for emergencies 
a special grip rail is provided between the tracks. The 
success of such an electric railway would depend on the 
facilities for obtaining power cheaply, and this, again, 
involves either cheap coal or convenient water-power. In this 
connection one point is very apt to be overlooked by the 
general public, who have an idea that power obtained from 
water coats nothing. Of course that is a grave fallacy, 
for, in the first place, the use of water-power only gets 
Ir rid of one item— fuel—in the generating expenses, while it 

generally adds very greatly to two other items in the yearly- 
recurring works cost — interest on capital, and, in India at any 
rate, heavy maintenance charges. Remember that the capital 
cost of hydraulic works on an extensive scale, especially if the 
> water has to be brought from a considerable distance, or if 

extensive tunnels, dams, reservoirs or long pipe lines are 
required, is apt to be much in excess of the cost of engines 
!• and boilers and their accessories, even though turbines are 

( comparatively simple and inexpensive. And sucli works 

are also much more liable to damage from floods, excessive 
ramfall, and landslips, which no precautions do more than 
initigate. No doubt the advantage, on the whole, is on the 
r side of water-power, but this is not a universal rule. 

Syatma. — Let us next make out a list of the different 
methods by which electric tramways and railways can be 
worked. Roughly, there are five main divisions in each of 
which various systems have been evolved 
/ (a) self-contained cars, 

I (b) conduit systems, 

I (o) surface-contact systems, 

L (d) third-rail systems, 

I ^ («) trolley systems ; 
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•while 001106x111115 myself mainly with the last in sub- 
sequent lectures, I will to-day speak about the others. Each 
has its advantages and disadvantages, and no one system is 
at all likely to prove so immeasurably superior ns to oust 
the rest entirely. 

It is not necessary for me to use up tho limited time at 
my disposal in discussing the relative advantages of electric 
and other forms of traction, or the cost of constructing and 
•working them. Many books and papers deal with those 
considerations and the upshot of it all is that as a rulooloctrio 
traction, except with accumulator cars, is tho best pair- 
ing as an investment, which is the consideration that ulti- 
mately determines most matters of the kind. In working 
expenses, cable tramways are cheaper than electrical ones, 
but the cost of construction is higher and tho system has 
no flexib^ty. Of horse tramways we have seen enough 
in Calcutta to show that they are unsuited for such a climate 
as that of the plains of India, while steam an<l gas trams 
have been almost forgotten d^uring tho period In which 
there has been such an enormous extension of electric trac- 
tion. It is invariably found that when a horse tramway 
converts to electric traction, the expenses diminish and the 
number of passengers and the receipts increase. Wo will pro- 
ceed, then, to consider briefly the first of the systems enumer- 
ated above, which is on a totally different footing to tho 
remaining systems and needs separate treatment. 

Self-contained cars . — When a revolution occurs in tho struc- 
ture and design of secondary batteries, so that they become 
really suitable for use on cars — ^whethor running on rails or 
not-^there wUl certainly be an immense field open to this 
class of eloctrio traction ; in fact, one may go further and 
say that for urban traflQc no other system would havo a 
chance. Every car carrying its own supply of energy, 
the stopping of one through any mishap would not 
affect the rest in tho loast, except that the one next 
behind it would havo to push it into tho uoarost siding. 
There would be no complicated system of feeders and distrib- 
ution ; no rail bonding ; and the telegraph and municipal 
bodies and owners of magnetic apparatus would no 
longer go in fear of tbeir wires, pipes, and instruments 
being affected by short circuits, induction or olootrolysis. But 
that era does not show any distinct signs of coming yet. 

The energy efficiency qf a good battery is almost 80 per cent, 
under favourable conditions, though it would perhaps seldom 
exceed 70 per cent, under tram car conditions, and the works 
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cost of a supply-station, whose chief work was the charging 
of batteries, would be very low, since the plant could be kept 
always working at about full load. It is obvious, therefore, 
that traction cells are not yet ivhat is required, or they would 
be used far more than is the case. The two chief disadvant- 
ages of the lead accumulator plate are its great weight and 
its mechanical weakness ; the weight alone would not be so 
serious a matter, though each car usually has to carry about 
3,000 lbs. — 40 maunds — of battery, but the high rate of 
detei'ioration and consequent high cost of renewal and upkeep 
has more than counterbalanced all the other advantages 
which the self contained car has by rendering them incapable 
of commercial competition. In the city of Birmingham accu- 
mulator tramcars had a long trial under distinctly favourable 
conditions in one section of the place. The steepest ^ade 
on the section was 1 in 28, and the greater part was fairly 
level, but the cost per car-mile came out far in excess of other 
lines owing to the continual renewal of the cells. Several types 
were tried successively, and in some cases the makers boldly 
undertook the maintenance of their cells at a fixed percent- 
age on their prime cost ; but the result was never such as 
to justify the further introduction of the system. 

You must remember that the case is not parallel with that 
of primary batteries. In the latter the active element- 
zinc as a rule — combines entirely with and dissolves in 
the eleotrolyte, and then needs complete renewal. So 
many pounds of zinc will give us so much energy just as if 
it were coal, aud the reason primary batteries are not more 
used is that zinc is too expensive a fuel so long as coal holds 
out. The zinc is bought in a purified state and is amalgamated 
so as to diminish local action, but it does not have to undergo 
expensive or complicated processes of preparation, and the 
cost of battery zinc is not greatly in excess of the cost of 
ordinary spelter. Far different is the case with accumulators, 
for the cost of “formed” battery plates bears little comparison 
to the cost of the same sized plate of plain lead; and though 
tlie lead in a secondary battery combines with the electrolyte, 
the products are insoluble, and the alternate charge and 
discharge still leave the contents of the cell practically as 
they were after the previous charge or discharge. There is 
comparatively little wastage due to chemical action, but the 
plates become useless, partly through the loss of material 
which drops to the bottom, partly owing to the bad contact 
which results between the active material and the backing of 
the plates from the buckling and rough usage to which the cells 
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are subjected, and partly from the active material becoming 
clogged by inactive bye-products. If in setting up a battery 
of accumulators one could put in so many tons of lead at the 
current price of that metal plus the cost of sawing it up into 
plates and buiming on the connections, and if after a year 
or two one could renew the whole of the plates and sell the 
oJd lead — peroxide, sulphate, etc. — back to the manufacturers 
at scrap lead price, the arrangement would be a satisfactory 
one and would be extensively used, but unfortunately you 
cannot do this economically. 

In self-contained cars the batteries are placed either 
under the seats or right under the body of the car, and they 
are in any case arranged with a view to easily removing one 
set and replacing it by another, aU the connections being 
made automatically. For control the usual arrangement is to 
divide the battery into a number of parts, (say four) each 
complete in itself, the terminals of each being brought up to 
the controlling switches. By means of these the battery can 
be connected with all four parts in parallel, or two series two 
parallel, or all four series, and sometimes a f-speed contact is 
included as well, arranged by putting three groups in series 
and the fourth in parallel with one of them or inactive. 
These different arrangements are shown in' the following 
diagram — figure 1. 
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Cotnbinaiioli of Acciamilalor and otlust stfsions. — On tho 
Continent tliero tiro several siiocoseful instances of tho 
combined use of tlie overhead or conduit and self-contained 
system, which 1 saw at Ilauovor and Dresden ; tho trolley or 
plough being used exi!ej^)t just in those parts of the town 
whore, either boenuso of the number of auriul linos already 
existing or for a3sthotio reasons, it aijpoarod desirable to tho 
Town Council to veto tho trolley lino or slot. There is no 
question at all that to tho visitor to those places tho effect is 
excellent; but unless their batteries aro better than any 
available to us, thoro must bo some of tho usual troubles 
onoountorcd. Of course, tho batteries are comparatively 
small and liglit ones, and of comparatively simple construc- 
tion, since they nro never discharging for more than n few 
minutes at a time, and can bo constantly charged while tho 
car is running, and tho fact tlint they do not need to be takon 
in and out of tho oar for charging is also in their favour. 
Two miles is about tho longest run made on tho batteries, 
and the spued is kept down somewhat on these sections. In 
order to charge direct oil* tho trolley wire a largo number of 
colls aro no<'.o“a:iry — semowhoro about 308 on oach oar. 
Speed roguliititm is carried on by tho use of rheostats, wliich, 
though wasteful, nro alono praoticablo on those combination 
cars unless two separate controllers nro used. 

Ghnerau no I KS ON Er.KCTuro Traction from Power-Stations. 

All tho I’omaining systems which I enumerated just now, 
and which I am going to deal within turn have this one thing 
in common to thoin, that tho powor for working tliom is gono- 

I rated in one or more power-stations which transmit tho energy 
to tho cars as they travel. Inthomajority of oases tho energy 
is generated of tho nature and at tho pressure used on tho 
motors, allowing for loss in tho conductors ; but soiuotimos 
it is gouorutod at high prosstiro and transmittod to sub- 
stations, whole it is oonvertod to lowor pressure for uso on 
tho motors, hlithor oonlinuoua or alternating or polyphase 
currents may bo used both in tlio generating stations and 
at tho motors, but in tlio groat majority of casos it is tho 
first, and I shall say very little about the others. When the 
power is transmittod from a distance at high pressure, poly- 
phase currents aro generally used, but oven in such oases 
it is usual to instal rotary convertors in tho sub-stations and 
to use continuous euwent at low pressure on tho motors, 

( Definiiiont , — ^In order to clear the ground a little, lot 
me explain to you one or two definitions of terms constantly 
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used. I toko those definitions from the electrical rules of 
the Government of India, which were revised last year, and 
which are dated 12th July 1901. They are printed in 
extmso in Appendix I, and are not likely to be greatly 
altered under the new Electricity Act. 

I (7).— The expression feeder means a portion of 
any main used to convey energy (*.«., electrical energy) 
from the source of supply to the point or points where it is 
distributed for use. 

Ruh 1 {If ). — The expression jprcs&ure means the difiEer- 
ence of electric potential between any two conductors 
through which a supply of energy is given, or between any 
part of either conductor and the earth. 

Rule 1 {1B\ {16), {17 ). — The expressions pressure, high 
pressure, and extra high pressure are used in relation to 
electric-supply lines, conductors, circuits, and apparatus 
according to the conditions of the supply delivered through 
the same or particular portions thereof : wheie the condi- 
tions of the supply are such that the pressure may at any 
time exceed 600 volts, if continuous, or 260 volts, if alter- 
nating, but cannot exceed 3,000 volts, whether continuous 
or alternating, the supply shall be deemed to be a ‘‘ high- 
pressure supply where the conditions of the supply are . 
such that the pressure nxay, on either system, exceed 3,000 
volts, the supply shall be deemed to be an “ extra high- 
pressure supply.” 

Rule Bi — {Traction rules .for continuous current ). — One 
of the two conductors used for transmitting energy from the 
generator to the motor, and hereinafter referred to as the 
line, shall be in every case insulated from earth. The other, 
hereinafter referred to as the return, may be insulated 
throughout or may be insulated in such parts and to such 

extent as is provided in the following rules — 

^ ^ % % 

Now this term, earth continually crops up, and gives rise 
to a great deal of misunderstanding, owing to confusion 
between ep/sfh retur ns and earthed returns. For telegraphic 
and telephonic work thft”earth itself is often used to 
complete the circuit in place of a retmm wire, that is to say, 
there is a real earth return. But in the worst constructed 
electric tramway of early days, the rails were at least 
intended to act as the return, while in the best constructed 
modern systems, in which an uninsulated return is used, 
there is very little current carried by the general mass of 
the earth. The rails are largely used, and they are rendered 
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electrically continuous for this purpose, and in some oases 
a subsidiary insulated return feeder is also laid to give an 
alternative low resistance patb back to the generators. The 
current will naturally take the best conducting path, so, 
though the rails and the return are at the same potential as 
the earth, the latter is not appreciably used as a return : it is 
an earthedy and not an earthy return. Now, just as a telephone 
system may have either complete metallic circuits or a 
metallic lead and an earth return, so can an electric traction 
> system have either an insulated metallic circuit or a metallic 
insulated line and an earthed return. Both methods have 
been adopted in one place or another, and each has advantages 
of its own : the former in that troubles from interference 
with other people’s property or circuits are avoided, the 
latter for its simplicity and lower cost of construction. 

Now, referring to the definitions I gave you just now, 
let us see how the terms come in. In my previous lectures 
I explained the use, in a lighting system, of feeders — the 
maiilB, that is, whose function is to feed the distribution 
network. In electric traction the case is similar, but there 
will be many more feeding points as a rule in a given number 
of miles of streets y for it is convenient, and by rule 61 
necessary, to divide up the line wire into half-mile sections, 
between every two of which an emergency switch must be 
inserted. The advantage of this arrangement is that a fault 
on the line need only affect one such section, which can be 
completely disconnected at both ends and from the feeder, and 
repaired while the cars are running on the other sections. 

The pressure used on the great majority of electric 
traction lines on British soil is 500 volts, i.e., the maximum 
allowable “ low pressure.” The shock due to that pressui'e is 
not generally speaking dangerous, though it is just on the 
verge of what may be considered so. In some cases, chiefly 
at present in the experimental stage, a line pressure of 
2,000 volts and upwarcte has been used with the overhead 
system, but with none of the other systems would this be 
feasible. With regard to the use of the rails as a return, 
I shall defer my remarks until dealing with the overhead 
system, but the methods and precautiona adopted there to 
^nsure good conductivity are also applicable to all systems 
using the rails in this manner. 

Conduit systems of eleetrie traction , — In conduit, systems 
proper”, not including the more recently developed “ surface- 
contact ” systems, which I am treating later on, the “ line” 

a 
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conductor is carried in a channel underground, either 
between the rails or as part of one rail, the current being 
taken into the car through a plough running in a slot at the 
top. In most systems both line and return are side by side 
in the conduit, as there are practical diflSculties in the way of 
using the rails for the return, but in any case the slot, wMoh 
is to all intents just the same as the slot on a cable tramway, 
is the only feature showing externally. Provided the slot 
is narrow enough not to be a source of danger to the 
ordinary traffic, which in some early examples it _ was, 
the system is an excellent one in crowded towns having a 
dry climate, though the heavy initial cost of construction 
mflitates against its use for inter-urban work, in which it 
cannot compete with the overhead system. There are diffi- 
culties in the way of eiSeoting repairs to the line and 
the conduit which have never been altogether overcome, 
and also in maintaining good insulation. But for India 
the system has been tried and found wanting, as indeed 
might have been predicted at the present time, even had not 
Madras made the experiment. An open conduit on the 
street level carrying a bare conductor at a considerable 
diiEEerence of potential from earth -resented the presence of 
water, especially in such quantities that drainage could not 
carry it off as quickly as it ran in, and constant trouble 
resulted. It is quite ^e, as you probably have been told, 
that pure water is not a conductor to any appreciable extent, 
and mis is not merely a scientiffc truth but a practical fact ; 
for in potentiometer work, when using water-cooled manga- 
nin standard resistances, it has been found quite practicable 
to connect the resistance tube to the water-supply even 
when working the resistance in connection with an earthed 
electric-supply system, provided the connection is made 
by an India-rubber hose; the insulation resistance in one 
case (Fisher’s “ Potentiometer ”), being one megohm for 30 
feet of f inch hose filled with ordinary water from the main. 

However, the water that is found in an Indian street is 
very far from pure, and during heavy rains it will speedily fill 
up any conduit and get to the conductors. For this reason it 
is not advisable that I should take up much time in going into 
the details of conduit systems; but I will give a brief descrip- 
tion of a few so far as the underground part is concerned. 
The consideration of the car and its electrical arrangements 
for driving and control can stand over until we come to the 
overhead system, as there is not any great difference here. 
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The Love conduit at Washington, U. S. A., is 20 inches 
deep and 14 inches wide (maximum), getting narrower 
towards the top. The sJot is •§ inch wide, and the plough 
running in this collects the current from the two conductors. 
The slot is left between two inverted channel iron pieces, 
and the conductors are placed one underneath each channel, 
where they are protected as far as possible both from access 
of water, from earthing and short circuiting by fani'ng 
pieces of metal, and from deliberate injury. They are 
about 5 inches apart, and are placed close to the top, so that 
nearly the whole conduit is available to carry ofE ordinary 
rainfall to the sumps 5 they are of ^ inch hard drawn copper 
bar, of figure of eight-cross section on the straight (see figure 
2) and circular at curves, and arrangements are made for 
t^ing up expansion on every section of 500 feet — 



Each conductor is suspended on gun-metal ears, which 
are fixed to insulating blocks hung from the yoke which 
maintains the slot rails in position. They are fixed at 
intervals of about 9 feet on straight runs, but closer on curves, 
where the construction is more rigid, A small amount of 
latitude for expansion and contraction is allowed for by 
arranging that the insulating blocks can slide either way on 
their supporting bolts, i stops being fixed to prevent 
“ creeping,^’ i.o . , the movement due to the reaction to the 
motion of the collector. The contact is a rolling wheel 
pressed on by a spring, as in the case of overhead construc- 
tion, two of these wheels being placed side by side, pressed 
outwards from one another by another.spring, and carried on 
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a pendant bar, which is free to swing sideways sufficiently 
to run freely: in fact, very similar to the grip bar of a 
cable car (see figure 3), 



Figure 3.— Colj^otor for Oondult. 

If it is necessary to open up the conduit, it can be 
done by removing the slot rails, tor which arrangements are 
made, but the operation takes some time. But despite 
certain disadvantages, I prefer this system to any other 
conduit system I have actually examined. 

Other systems, those of the General Electric Company of 
America and of Siemens and Halske, etc., are used in New 
York, Berlin, and elsewhere. They difEer considerably in 
detail from the above, though the prmciple is the same. 

The conduit in one form, laid at Dresden and elsewhere, 
is placed under one of the rails, which is built in two parts 
with the slot between them. The conductors in this case 
are of fairly heavy angle iron, one on each side of the slot as 
before, and the collector carries two contact pieces, generally 
of cast-iron, pressed outwards against the conductors, with 
a block of insulating material between them. 



Fl^ur* 4 ,— Slemen’s and Halake Conduit 
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As already roiiiarkod, Madras began with a conduit 
system, using the earthed rails for a return, but it did not 
prove successful and was abandoned in favour of the over- 
head system eventually. The chief troubles were excessive 
interference with tho telephone service and the submarine cable 
companies, on which I shall offer some remarks another day. 

Quite recently it has been decided to instal an extensive 
system of conduit tramways in London, the County 
Council being the operating party. The conduit, which is the 
design of Professor Kennedy, differs considerably from most 
existing ones, especially in two points — (1) that the yokes, 
whose function is to maintain tho slot in position and in width, 
do not run also out to tho rails as is usually the case, 
and (2) the insulators are supported from below and are not 
hangers as usually. This last detail has been much criticized 
as tho* protection from water and dirt will be less efficient. 
The system is not laid down yet. 

Swrface-oontaot systems, — Wq now como to the next 
class of work, whore tho energy is collected on the 
ground level, but not from a continuously-charged con- 
ductor laid botwoon tho rails. This latter method is dealt 
with under tho next heading. There are two difficulties 
evident at the outset in surface work, namely, the 
danger of short circuits and that of shocks, and to avoid 
this difficulty many ingenious devices have been in- 
vented from time to time. Tho idea is to carry the mains 
underground, but to have contact studs at intervals or a con- 
ductor in short sections, from which the oars collect their cur- 
rent as they pass, these points being electrically “ dead ” at 
all other times. ’ A large number of such systems have been 
described at various times, and a few are in actual ojperation. 
I have travelled on one — ^tho Johnson -LundoU — in New 
York, and on another experimental one in Germany, and from 
the passengers’ point of view they are excellent. 

In the Johnson- Lundell system a bare line conductor 
in short sections is employedj this being laid between 
the rails and flush with the paving, the len^h of a section 
being approximateljr the length of a oar. Each section 
of wiis conductor is energised in turn from the mains 
under the track by means of a magnetic switching device, 
the section being alive only while the car is actually 
over it, and tho return being the ordinary rails. In this, 
as in most of these systems— and there are dozens— 
the car carries a battery suflgeient to start the magnet 
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devices working at the beginning of a run, or if the circuit 
is accidentally broken at any time ; but when once the 
apparatus is started its working is automatic, as the 
contact brushes on the car are arranged in such a manner 
that the circuit is not broken in passing from one section to 
the next ; consequently, the line current is used to work the 
magnet devices. These latter are carried in switch boxes 
placed at intervals along the side of the track, each box 
controlling a considerable number of sections. Incidentally 



Figure 6. -Surface contact SYstem. 

it may be mentioned that the battery is used to carry the 
car over crossings and^ points, which avoids a considerable 
amount of complication. Figure 6 shews diagrammati- 
cally one such arrangement. 

In the Thompson-Walker system — and indeed in the 
majority of the most recently-devised systems— the sectional 
conductor is done away with in favour of contact studs, a 
contact rail being carried on the car to conduct the current up 
to the motor, and arranged so that it rests on. one stud before 
breaking contact with the last. As before, no more than 
two studs — and those directly under the car— are ever alive at 
once, so there is no danger of shocks so long as everything 
keeps in working order. The contact studs in this system 
are of phosphor bronze, and the collector, which runs neany 
the whole length of the car, is of iron. Each surface contact 
carries its own automatic switch device, which is actuated 
as follows: — The phosphor bronze stud is only connected 
to the “live” line when the collector is touching it; when 
this occurs the current passes from the previous stud, through 
the collector, through the advance stud, through the 
magnetising coil, and back to the rail return. Now the 
coil magnetises an iron plunger, and this is promptly attracted 
towards the iron collector, and in doing so closes the “line” 
switch. As the car leaves the previous stud, the magnetising 
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curroiit is broken, and the iron collector cgAkSos to bo over 
tho plunger, so the line switch is opened and the contact 
becomes dead. As m the previous case, a small battery is 
piovidcd for starting and to pick up a lost contact. An 
advantage possessed by this system is that tho contact 
arimigomouts are very simple and can all be enclosed so as 
^ moving i^limgor is entirely inside, and 

the stud IS hxod-^n fact, it is actually a pai’t of tho lid of 

1 would appear unlikely that any 

w Ich should hold up when once properly adjusted. The 
switch has ail auxilliary caibon break and is immersed in oil. 
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On the other hand, a 500- volt magnotiain^ cod would take 
little to put it out of order if not perfectly insulated, and the 
small area of the contact is another obvious difficulty to be met 
■with. There is not the same flexibility as -with the trolley wire 
and pole, where the pressure is so applied that a break is moat 
unusual. The conditions rather resemble the rail return, 
where even with four wheels making contact it is no unusual 
thing for a car to be sparking -violently from jolting or 
from dirty rails. Of course, until such a system has had a 
trial extending over years to allow for the action of the 
weather on the parts and to ascertain the wear and tear and 
cost of renewals and so forth, it can only be judged on 
general grounds, but this one has all the elements of 
success in it for use in places where there is a fairly dry 
climate. 

The experimental line I saw at Berlin was a combination 
of the two systems just described 5 contact studs were used and 
were energised from automatic switch pillars, each controlling 
a considerable length of track. I was able to watch the 
action of all the magnet coils as the loaded oar ran, and 
everything went smoothly and well, but one could not help 
being struck by the great complication of ha-ving a separate 
electro-magnetic device to control every 40 feet or so of a 
large tramway system. It would not matter so much if 
occasionally a coil failed to energise its stud or its section, 
as quite a light and simple form of battery can be carried 
to take the car over such a short break; but if the failure 
of a coil can by any possible combination of iU-lu«k leave 
a section charged after the passing of the car, this would be 
a really serious matter — not in direct effect on human beings 
so much as in the indirect results of horses getting shocks 
and bolting. ' 

The capital cost of surface-contact systems generally Ja 
intermediate between that of the conduit and overhead 
systems. It is doubtful if any other system than the latter 
will be used in India for many years to come, both on 
account of the low prime cost and of the simpler maintenance. 

Third-rail system . — We now come to the system which, I 
believe, was the very first to be tried, but which for ordinary 
street traction has been entirely given up now, namely that 
in which both lead and return are laid on or close to the 
ground and remain charged throughout their length when 
in operation. Where there is no other traffic and no chance 
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of any unauthorized person getting on the track, this system 
has enormous advantages over others. The dififioulty udth 
it for ordinary work is of course that such bare conductors 
are inadmissible where there are pedestrians and animals 
crossing the track. Even if the pressure was as low as 
100 volts, as has been proposed, it would be out of the 
question on these grounds alone, while the amount of copper 
required in feeders would be enormous and would condemn 
the scheme commercially. On the Giant’s Causeway line in 
Ireland the third rail was raised to a considerable height 
above the road level, to which there is the additional 
disadvantage that it stops other traffic from crossing, and 
that system was changed in consequence of a fatal accident. 
For regular railways, however, especially elevated or under- 
ground ones, the objection does not hold good, and the use 
of the third-rail system is spreading greatly. Jn place of a 
copper conductor a heavy ohannel-iroii conductor is used 
for the “ lino,” supported at short intervals on special 
insulators, the insulating material being generally mica, 
£ believe. Porcelain and glass are inadmissible mechan- 
ically, as strength to withstand jars is essential. 

Elevated Electric railways . — On elevated railways, as dis- 
tinct from those in the streets, these restrictions do not 
hold good. The public are not able to get on the lines, and 
the employes will take care of themselves. Much higher 
speed can be employed, and in place of a single cor a train 
can be run. It will not be possible in the time at my dis- 
posal to say much about this branch of the subject other 
than in the way of general remarks. In the matter of 
elevated railways there are examples in many American 
cities, in Liverpool (the pioneer of electric elevated lines), 
and in several continental cities. The plan is to have the 
railway supplorted on a steel structure usually over part o£ 
the roadway, often bridging over the top of an ordinary 
road tramway. In this way tlio ordinary traffic is but little 
interfered with, and especially level crossings of road and 
railway are dono away with. Fixed stopping places and 
stations are a necessity, and with short stops and rapid 
acceleration small trains and a frequent service, an enor- 
mous amount of traffic can be dealt with. The third rail is 
generally placed in between the other two, though sometimes 
outside them, supported on special insulators designed to stand 
the heavier strains which arc entailed by an arrangement 
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thus lacking in the flexibility of the trolley wire. The 
contact shoe is arranged to have a large area of collection, 
since the plain- rolling line contact of a trolley wheel would 
be insufficient. A sliding shoe is generally used, hinged so as 
to quickly take up the slight unevenness of the rail. The rails 
and the whole structure can be utilized for the return circuit, 
so that there is little possibility of any leakage to earth 
taking place, though bonding of all parts is necessary. 

Another form of railway which may be elevated is tho 
monorail or single-rail system. Of necessijy this single rail 
must be above ttie level of the passengers, in order to secure 
equilibrium, but the whole structure with the cars need not be 
elevated. Such an arrangement is, however, adopted in the 
Barmen-Elberfeld Railway, a peculiarly interesting line, 
which 1 recently went over. If it were not several mOes in 
length, one would consider it as simply an experiment, and 
it is hard to see how it can ever pay. The train here is sus- 
pended bodily underneath the steel structure, which spans 
right over the road and for some distance over a river also. 
The motors and wheels are alone over the roils, the car 
being hung from them in a manner at once free from danger 
and yet allowing a coitain amount of swing on curves. 

Underground railways . — In London at the present time 
there are a large number of “tube” railways either running, 
under construction, or contemplated, These have the great 
advantage of not interfering with other traffic or with the 
roads and their contents in the way of pipes, etc,, for they 
run far below all the other existing railways and sewers, 
■some 70 to 100 feet below the surface. 

The tunnels are generally constructed by means of the 
“ Oreathead shield.” This is forced forward a little at a 
time by hydraulic pressure, the earth, etc., being continuously 
removed and the tube built up in sections following closely 
on the shield. At the time I was in England I visited one of 
these tunnels under construction, the point of working being 
actually just in the middle of the Thames. Owing to the 
nature of the ground, the work could only be carried out 
under considerable pressure, in order to keep the water out ; 
it was about two atmospheres, or nearly 30 Ihs. on the square 
inch above the air pressure, varying with the state of tho tide. 
The air under pressure is constantly pumped in from engines 
on a pontoon up above, being led down the main shaft and 
in through double air-looks. It then escapes through tho 
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gravel, etc., at the point where the shield is working, and 
can be seen from the bank bubbling up in mid-stream. 

The “tubes” are built almost exactly the size of the 
carnages, the clearance being only a few inches. Amongst 


Figure 7.— Section of Oontral London Railway tunnel 



other things this improves the ventilation. They are of 
cast-iron or steel, each complete ring being built up of 
about half-a-dozen segments bolted together, and to the last 
ring, and adding about two feet to the tunnel. They 
almost entirely fill up the space formed by the excavation, 
bub what is left is grouted up under still higher air pressure ; 
so one would think no subsiaenoe or settlement could possibly 
take place on the surface of the ground some 80 feet or so 
higher up. But it is said — and no doubt it is geologically true 
— that the ground is in a perpetual state of slow readjust- 
ment, which is liable to be interfered with by the forcing 
through of a tube. A more certain danger is that the 
underground water-courses may to some extent be inter- 
fered with if the tube happens to out across them. If 
they are known to exist a drain can be laid, and there is no 
interruption ; otherwise the water is bound to take another 
course, and may take an inconvenient one. But when all 
is said, the amount of proved damage to buildings from any 
cause connected with tube-railway construction or working 
is very small up to the present. 
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No other svbtem than electricity or compressed air is 
feasible in such a case, and the latter as a motive po-wer has 
not proved financially successful. In these tube railways tho 
third rail is always used, and the rails are used as the return. 
There are special regulations in force in England dealing 
particulai'ly with the rail return ; it is specified that it muirt 
either be connected to the tube at intervals not exceeding 100 
feet by a copper conductor of at least ^ of a square inch area, 
or else that it must not be so connected at all, except 
indirectly by tho negative terminal of the generator being 
connected to both rail and tube. 

Another and totally different fomr of tunnel for under- 
ground traction is the cut-and-cover, the street being opened 
up a little at a time, the tunnel in the form of a huge open 
culvert being prepared, and then tho whole being roofed in 
by girders and the road made good for the ordinary traffic. 
These tunnels are now coming into extensive use in places 
where they are possible, that is, where the roads are not 
already a mass of pipes and wires which would have to bo 
shifted. In Berlin I saw under construction a railway partly 
on this plan and partly overhead, its peculiarity being that 
no part of it ran on the street level at all ; a long inclined 
plane leading from the one form of construction to tho 
other. In London also it is now proposed to utilizo this 
method of construction, though enormous diffioultios must bo 
encountered owing to the maze of wires and pipes and 
sewers already laid. 

_ Loeomoiim and Motor truoM . — ^Now on these oloctiao 
railways there ore two methods of arranging and propolling 
the trains. Either an electric locomotive may be used to 
draw a number of carriages as 'frith a steam-engine, or each 
cp may be an independent unit capable of being run either 
singly or in combination with others. . In this case each our 
has its own motors and starting gear and brakes, but in order 
to make safe running possible the whole ,ia controlled by tho 
front driver from a master-controller. Tho advantages of 
the latter course aro that every car helps with its own motive 
power and with its own weight and adhesion, which enables 
more rapid starting, acceleration and retardation to be effect- 
ed, while reducing tho amount of dead weight to ho drawn. 
Both systoms have been oonsiderably used, bui tho general 
consensus of opinion seems to bo coming in favour of tho 
m^tiplo-unit method except in such cases as underground 
mining railways. Tho London tube railways started wim loco- 
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motivofl, but they have rooontly boon oxporimenting with the 
iiowor arrangement owing, in this instance, to alleged vibra- 
tion troxiblos. Obviously there must be fai* more shock and 
jar with a locomotive having a concentrated weight of from 
10 to 25 tons than with several separate motor trucks spread 
over a much greater distance and weighing only 6 or 6 tons 
each when loaded. In most of the electric locomotives on 
existing linos for passenger traffic gearless motors have been 
used, the speed allowed being sufficient to warrant the 
disuse of gearing. In some cases the armatures have boon 
actuary wound direct on the axles, but that subjects them 
to such rough usa^o, and causes such violont hammering at 
rail joints that it is hotter and more usual to put in a flexible 
connection and have the mnehinos spring supported. 



FliEurtt 8.-*Elootrio Locomotivo (OontrnI London nallwny). 


Figure 8 shows a charaotorisLic oloctric locomotive of 
the typo used in the Central London llailway. An ond view 
of tlio same has already boon given in figure 7. The data of 
this locomotive are given by Lawson as follows: — 

Tho whool oontroB of tho truck arc ... 6' 8" and 6' 


Distouoo from oonlro to ouutro 
Number of driving wheels 
Total number of whools ... 

Piamotor of whools ... 

Total wheel base • ■ . 

Bo. length of looomoli VO ... 

Bo. height ,, j, ... 
■Weight on oaoh wheel, 

Total weight of looomotivo 
Brawbar pull *•* 

Ditto running at SS xc 


trucks... 14' 

... 8 
... 8 
... 8' G" 

... 20 ' 

... 29' 8" 

... 9' 8J" 

about M* Ci tons. 

„ ... 48 „ 

• •a 14,000 lbs. (6‘2 tons). 
3S an hour 8,000 „ (3*6 „ ), 
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The weight of each locomotive will be about 45 to 48 
tons. There are four gearless motors, i.e. one on each axle. 
The weight of the frame and coils of each motor with field 
coils in place will be 8,500 lbs., making a total weight for 
the motor of (say) 1 1,500 lbs. The driver’s cab is fixed in tho 
centre of tho locomotive, giving him a capital look-out botli 
ahead and astern. In the space over the trucks are fixed 
resistance coils with a passage way between them, the whole 
being enclosed by a sheet-iron cover. Instruments are 
carried, so that the driver knows what pressure he is getting 
and what current he is taking at any time. 
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L E C T IT B. E II. 

The Overhead system. 

Aerial lines.— An aerial line is by definition in the rules 
(see Appendix I) “ any electric supply-line which is placed 
above ground and in the open air.” In the early electrical 
days aerial lines were Isirgely used for electric-lighting pur- 
poses all over Europe and America, and they still have an 
enormous application in that connection, especially for long 
transmission and for distribution in scattered districts, and 
for use in climates such as India, where underground cables 
do not stand well. But it is for electric traction that over- 
head construction is of the most vital importance, especially 
as regards street tramways and railways, of which by far 
the great majority use the overhead system. It is now 
generally recognised that it is commercially the best to adopt, 
both for low cost of construction and for convenience of 
working. It is not that the whole or even the greater part 
of the conductors are placed overhead, but the working con- 
ductor in the vast majority of cases is. At first there was a 
great outcry every time the introduction of such a system was 
proposed, but the public, and even the local authorities, have 
now settled down and accepted it as a necessary evil. 

In 1893-93 a Joint Select Committee of both Houses 
of Parliament met to consider many questions of great 
importance as to the effect that electric tramways, as usually 
constructed, would have by leakage and induction on other 
concerns, and some of their conclusions, on which I shall 
have something to say presently, are printed in Appendix II. 
The Committee were not intended to go into the question of 
the use of overhead wires, but of course that question was 
bound to play a prominent part in the proceedings, and one of 
the conclusions arrived at was “ that the Committee regards 
with apprehension a large extension of the system of over- 
head wires in crowded centres.” But neither this nor the 
distress of people who believed the beauty of a place would 
be hopelessly ruined and rendered unsafe for habitation, nor 
the still more acute distress of the advocates of other 
systems could stay the tide. Yet there was a good deal 
of truth in the complaints in those days, for the early 
overhead tramways in America were not only an eyesore, 
but a considerable source of danger, and it is well that 
the English Board of Trade all along insisted on thoroughly 
good construction, even though ^is put us somewhat 
behind other nations as to the number of miles of track 
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laid. When once it was clearly seen that the trolley-wire 
method had come to stay, our American friends accepted it 
at once, and the proeress of the system was phexLomenal, 
so that now about nine-tenths of their streot railways are 
electrically worked. Several of their towns ao^ally have 
a mile of tramway to about every 600 inhabitants I 

Varieties of overhead electric iraeiion, — The common feature 
of overhead systems is that one conductor is run in this 
way, the current being collected for conveyance to the 
motor by a device called a trolley. There are some cases 
where two separate overhead trolley-wires are provided for 
the line and return, but this leads to oonsidoriiblo compli- 
cation and has not beon widely adopted. The idea of 
course is that by eschewing the use of the earthed return, 
all the complications of induction and electrolysis aro eradi- 
cated and the insulation of the whole system is increased, 
which is perfectly true. I refer hero to continuous current 
traction ; for in a three-phase system there are necessarily 
two insulated conductors as well as the third, wliicli may 
be earthed or not. At Cincinati, whoro tho double trolley 
was used in consequence of the opposition of the telephone 
concern to an earthed return, it has boon found so diflBcult 
to arrange for the insulation of both trolley lines that it is 
stated that the car lamps can be lit up from ono^ line and 
the rah, despite all endeavours to exclude tho rails^ as con- 
ductors. There are also difficulties at crossings. In the 
majority of cases, however, the return is by what the Joint 
Committee I referred to c^l “an uninsulated metallic return 
of low resistance,” «.<?., the earthed track rails. Now a 
steel rail of heavy section has a great curront-carrying 
capacity in itself ; but as it is laid nocossarily in lengths and 
not continuous, there are tho joints to considor, From ordi- 
nary irailway construction the best methods of making theso 
to withstand the weight and shook they are subjootod to have 
long been evolved, but the bolting togotlior of tho sections 
by means of fish-plates is not sufficient to give tho joints 
good electrical conductivity, since the surfaces vory soon 
rust up. This neoessitalos landing by moans of copper 
pieces at each joint, which I explain to yoix in due 
course, or mUing to make the raUs continuous. 

Overhead system with rail return, — Wo come, then, to this 
most widely-adopted system, and will shortly run over some 
of the main points about it before going into details. The 
trolley wire may ho carried in several ^ays: con tre polo 
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construction, where the poles ore erected between the lines of 
a double track with brackets on either side carrying the trolley- 
wires more or less over each track; side-pole construction, with 
long brackets projecting out over the single or double track, 
as the case may be ; span-wire construction, where the 
trolley wire is hung from a network of stoel-beoror -wires 
carried on poles out of the way of the traffic. In broad 
thoroughfares, with the lines in the middle, the first method 
is perhaps most generally adopted, as by marking tho 
centre of tho road, it assists in regulating tho traffic, and 
the poles can be used to carry arc lamps or clusters of 
incaudescents. In narrow streets tho use of a centre pole 
would still further diminish the width, so it is usual either 
to use side-poles and long brackets when tho track is 
near the edge of the road or the span-wire method 
of support when the track is in tho centre. At 
crossings and curves and in largo open spaces tho last 
method is tho most usual. For taking tho current from tho 
lino into the car the arrangements are placed on tho roof, 
consisting either of a “ trolley wheel” prossod up against 
the trolley wire and carried by along arm or “trolley polo,” 
with a powerful spring ora metal bow. Inside the car 
the current is first taken tlirough tho cut-out or circuit- 
broakor, thon to tho controller, thence to tho motor, 
and to the return-rail circuit through the cai* frame and by the 
wheels of tho oar. A diversion is made for tho purposes of 
lighting and boating, lamps boing run in a series grouping 
over the full line pressure. In oacli car a lightning arrestor 
, is placed, and not mfretmontly an energy melor also. Each 
* of these matters will neod somo remarks in turn. Thon, finally, 
there is tho generating station and all its adjuncts. Wo will 
take these all in succession, beginning with the track, thon 
tho feeders, then tho lino, noxt tho cars, and finally the 
gonorating station, 

® Tbaok Consteuction. 

rails and In tho United States tho road 
bed is usually of ordinary railway ballast, whereas in England 
it is more usual to use concrete alono whore the nature of 
the ground allows it. About six to eight inches of well- 
laid cement concrete are nooessary to make a firm bed. 
In such cases it is sometimos the practice to intorpose some 
durable but elastic material between the rails and tho 
concrete, special oaro being token to adopt means to absorb 
the “hammering” at tlierail joints. This has boon recom- 
mended in several recent inatallationB. 


u 
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Of rails there are three main types which have survived 
of many introduced at various times ; the Tee rail as used in 
railroad construction proper, which cannot be used alone 
for street work without detriment to the ordinary wheeled 
traffic, though when sunk flush it is greatly used in the 
United States; the step girder, and the grooved girder. 
The last, varying in weight up to 100 lbs. per yard, is 
used in by far the greater number of British tramways, 
since when properly laid it does not make any appreciable 
obstruction on the roadway, and the groove is too narrow 
to catch other wheel rims. The step girder rail is generally 
used in the United States ; it may be either centre-bearing 
or side-bearing as shown in the illustrations, and it varies 
from 4 inches to 85 inches in height and from 40 lbs, to 
100 lbs. per yard in weight. 



Figure 8.'--3eeTlona of Tae rail, centre and side bearing girder rail, and grooved girder rail. 


The rails in America are generally fixed to sleepers or ties, 
as is also the case in British railway practice, but the modern 
tendency with British tramways is to lay the grooved girder 
rails direct on the concrete bed, using Hgh rails with a broad ‘ 
base, which are good both from their stability, thoir largo 
conducting area, and the fact that the ordinary granite setts 
or wood-paving blocks can be used between them without 
being out shallow. 

No doubt in this last form of construction the rails cost 
more money ; but money spent on making the construction 
as solid and i)ermanont as possible is always well spoilt. 
Track repairs on a badly-laid system swallow up all the 
profits, and it is obvious wisdom to increase capital cost 
. where by so doing the regularly-recurring maintenance 
charges are reduced. 

There is no question that the tractive effort required 
is greater on grooved than on step rails : it has even been 
stated to be as high as 40 per cent, greater, but the 
amount depends on the laying of the track and its freedom 
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from grit when laid. If the distance between the grooves, 
for instance, is not extremely uniform, a large amount of 
friction aud_ wear is inevitable; but with a track laid as it 
should be, with the utmost care, this should not amount to 
much, and the lack of prejudicial effect on the wheels of 
passing vehicles gives a strong claim to the grooved rail. 
Whereas wooden sleepers have generally been used in 
railway construction, steel ties are largely used in TndiB. for 
the same purpose, and for use with grooved tram rails they 
bid fair to oust the sleeper altogether, as they serve also 




Figure 10.— Steel tie-bar. 


to bold the rails strictly to gauge. They consist generally 
of flat bars about 1 X forged circular at the end to carry 
f" nuts on either side of the web (see figure 10). In these 
cases too the iron chairs on which so many types of rail are 
supported are unnecessary. For connecting together succes- 
sive lengths of rail mechanically fish-plates are used, similar 
to those used in railway work, plates extending across the 
web at the point with two fish-bolts on either side of it. 
These fish-plates do not, owing to rust forming, serve to 
make the rails thoroughly continuous electrically, hence the 
necessity for bonding. In recent years many tracks have 
been electrically welded at the joints, instead of usiug fish- 
plates, and more recently still the cast-welding process has 
been tried with success. With both these methods, which 
I shall mention again presently, the rail becomes continuous, 
and how it is that expansion and contraction due to changes 
of temperature do not either distort the parallelism or snap 
the rails I am unable to fully explain. Every one is aware 
that in an ordinary railway track a space is left between the 
sections, and the rails are nee to slide a small amount. It is 
equally certain that the gaps so left cause the hammer blows, 
which do so much damage; and that to do away with them 
would be of the utmost benefit to the carriages; and yet 
while all railways continue to allow for expansion, the whole 
arrangement is done away with in these welded trannwf^y 
^acks . The general opinion seems to he that the strains 
set up by expansion and contraction are well within the limit 
of elasticity of the steel, and that the strains are taken up 
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by molecular change, which, on this theory, can go on 
indefinitely without damage, while no doubt the fact that 
the rails are buried greatly reduces the temperature changes 
to which they are subject. Where sleepers are used there 
is no entire consensus of opinion one way or the other as to 
supporting rail joints directly underneath or at a point on 
either side. The suspended joint must reduce the jolt con- 
siderably, but jprobably does not last so long. 

Spedal raib, points, crossings, curves , — Points being 
subjected to greater wear than other parts are usually made 
of crucible steel. They are generally of a simple mechanism, 
worked either by a pointsman or on the spot from the 
car, and there are two common types. In the first there is a 
movable tongue on one rail, while on the other rail a fixed 
tongue is put sufficiently in advance to ensure the car having 
already taken up one side or the other; in this form a 
car can be diverted either way. The other usual form of 
switch is the automatic one used at turn-outs or sidings, when 
the facing car is always required to go on to one line and 
a trailing car to come from the other. The tongue is 
then spring held, and the car wheel pushes the tongue 
aside^ and compresses the spring to pass. At the frogs and 
crossings, where one rail crosses another, a steel casting is 
also generally used because of the greater amount of wear. 
The various books on electric traction give innumerable 
diagrams of the arrangements at switches, crossings, etc,, 
and there is not time for me to go into these in detau. Most 
of them can be studied in the streets of Calcutta or on the 
Kidderpore line at the present time. 

Owmg to the greater speed and weight of electric cars 
curves have to be laid out with very much greater care than 
is the usual case with horse traction. Practice differs con- 
siderably according to the conditions of the roadway and the 
other traffic on it. It is always desirable, but often imprac- 
ticable, to raise the outer according to the proposed 
speed and the sharpness of the curve, as on railway lines. 
The take off from the straight rails is the point where 
the ^eatest care has to be exercised, and it w ordinarily 
inadvisable to make the curve circular from this point, 
owing to the strain that would be thrown on the car. The 
line must of course be a true tangent to the first portion of 
the curve, but this is arranged to increase its curvature gradiT- 
®lly by means of a spiral traTiftit jon curve , the middle piece 
only being an ^c of a circle. As an example figure 11 
may be examined. Such a spiral as this, or a part of it 
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only for ciu'ves of largo radius, will ensure a car always 
entering the curve at the same rate of change of direction. 


Figure 1 1.— Spiral transition curve. 



Another point is that on double-track curves the outer 
track is struck from a different radius, so as to give greater 
clearance between the cars than suffices on the straight. 
The gaage of the rails, too, is often widened somewhat in 
order to reduce the strain on the wheels, but with grooved 
rails the amount must be extremely small. In the latter 
case, however, another method has been successfully tried, 
having the grooves themselves wider on curves, so as 
to reduce the wear on the flanges and, in the case of the 
outer rail, having a very shallow groove. The effect of 
this last point is that the outer car wheels take their bearing 
on the flanges and, having larger peripheries, travel over 
more ground per revolution, thus reducing the amount of 
“ marking time ” to be done on the inner wheels and the con- 
sequent wear. Another recent improvement is the drain rail, 
arranged for carrying off the water as it falls. It is said 
to save its cost in a very short time, but in dead flat places 
it will not have the same application as elsewhere. 

Bail returns and Bonding , — Bonding is, as already stated, 
necessary in order to reduce the resistance of, and the drop 
of potential on, tho earthed rail return. The rails them- 
selves are invariably of heavy enough cross-section and 
good enough conductivity, but it is the joints that are not 
so. If a large drop is allowed, there will be excessive 
damage to the metallio bodies in the neighbourhood, 
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as was the case in the early days of electric traction ii 
America. 

At the present time it is the universal practice to connec 
the positive ^ pole of the generator to the line and the nega 
tiTO to the rail return, astMs confines the tendency to damag 
from electrolysis to the rails themselves, the lead sheathinj 
of the return feeders, and the pipes, etc,, in the immediat 
neighbourhood of the station. Each’ of these can by prope 
construction be protected almost entirely. Electrolytic cor 
rosion takes place at the point where the current leaves tbi 
pipe or rail : at the point, that is to say, which is positive t( 
the earth. Now, if the positive pole of the generator i 
connected to the rails and to earth, the tendency is for j 
considerable proportion of the current to take the earth 
path near the power-station, to run along the water and gai 
pipes, and to leave them for the rails again at all point) 
where cars are running near them, thus causing corrosioi 
over a wide area (see figure 12.) 





Figures 12, la.^Dlagrams of earth return currents. 



j 



If, on the other hand, the rails are made negative at the 
generators (as in figure 13), the tendency is for the general 
leakage to be from the raols (which will suffer corrosion) to 
all the pipes along the track, which then carry the current to 
the neighbourhood of the power-house, whei’e it leaves them 
again to get to the generators ; and if at these near points 
copper conductors are run to the pipes, they will take the 
current back and prevent it going to earth and causing corro- 
sion even near the power-house. But even so, if the leakage is 
not very small, corrosion will occur at every separate joint in 
the pipes, where the resistance is naturally much higher,' 
the current taking an earth-path round ihe joint (see- 
figure 14) j The figures are adapted from Dawson’s “ Electric' 
Railways.” ' 
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Wliere gas and water mains run near one another, there 
is a tendency to leakage from the gas to the water-pipe if 
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Figure l4.-Curront8 In gas and water pipes 


both are carrying current, the resistance of the joints being 
higher in the former. 

I hare already mentioned the fact that a Joint Select 
Committee of both Houses of Parliament threshed out this 
whole question in 1892-93, and that as the result of their 
deliberations, after hearing a great number of witnesses 
representing all interests, was embodied in a clause which has 
since been included in all English documents authorising 
electric traction other than by solf-containod cars. Evidence 
was taken from the officials of the Post-office, on behalf of tho 
telegraph System; from the Board of Trade, who control elec- 
trical underiakings of all sorts ; from the Astronomer Eoyal, 
with regard to interference with magnetic observations ; from 
representatives of the Telephone Companies, the Railway 
Companies, tho Electric Tramway Companies, tho Electric 
Lighting Companies, tho Gras Companies, tho Water Com- 
panies, and the Municipal Corporations; tho last throo as 
owners of oxtonsivo systems of underground pipes, which 
might be adversely affected. Tho reference to this Joint 
Committee was '‘to consider and report whether tho grant 
of statutory powers to uso oloctricity ought to bo qualified 
by any prohibition or roetriction as to oartli-rotum circuits, 
or by any provisions as to leakage, induction or similar 
matters ; and if so, in what oases and under what conditions.” 

Now, the general conclusion is summed up in thoir Reso- 
lution, which subsoquout events prove to have been a most 
wise and far-sooing one, that “ the Committee, having regard 
to the evidence before them, are of opinion that it is not in 
tho j^resont state of electrical science to tho intorosts of the 
public to insist upon electrical tramways using an insulated 
, leturn conductor, and that such insistence would retard the 
development of electric traction.” 
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They also saw that, in the interests of the public — and 
equally, in the long run, of the undertakings themselves — 
rules were necessary to prevent the continuance of the early 
troubles, and the third sub-section of their now famous 
clause provided for the issue of such rules. These rules 
will be printed in full at the end of these lectures in the 
form in which they have been adopted by the Government 
of India (see Appendix 1), and 1 will call attention to the 
general result in a subsequent lecture. 

Methods of handing . — ^Now the result of the rules is that 
the utmost care must be exercised in laying down the track 
if it is to pass muster after a few years of working ; that is 
why I said that the rules operate to the good of the xmder- 
takers as well as of the public, for a badly-laid track is 
a source of continual heavy expense in maintenance. This 
brings us to the question of bonding. A bond is usually a 
length of solid or stranded copper electrically connecting 
two rails together — apparently a simple enough process, but 
one which in practice required some years before it attainedi 
even approximate perfection. 

The use of the bonds is to make up the conductivity at 
the rail joints, where it is naturally bad, as fish-plates rust up 
in no time. Not only is each rail thus to bo made electrically 
continuous, but the various rails all need to be occasionally 
cross-bonded. The mere bolting of a copper strip on each 
side of a rail joint is not sufficient, ior rust will soon 
introduce great resistance at the contact, and much ingen- 
uity has been displayed in inventing good bonds. The 
most usual plan is to have an extra hole drilled in the 
web of each rail, just beyond the holes for the fish-bolts. 
When the rail has been laid and fitted mechanically, these 
holes are reamered out to obtain a bright surface, and the 
ends of the bond are cleaned and inserted in the holes and 
expanded to make the most intimate connection. Whero 
points or crossings come in the bonds are usually made to run 
from rail to rail round the special piece, and in such cases 
the bond is preferably .flexible. The same remark applies 
to bonding from track to track, which is done at all crossings. 
A bond may be anything over one-sixteenth of a square inch 
in ci’oss section, half inch diameter being the approximate 
size in Calcutta. The ends here consist of a hollow thimble, 
which just fits into the hole in the web ; a bullet-shaped pin, • 
slightly larger than the hollow of the thimble, is then driven 
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into it, which forces the copper into close contact with 
the steel. After the bond is fitted it is coated over with 
pitch or some protective paint, and in this way air and water 
are alike excluded. The figure shows a similar bond — 



Figure l5.-'Chlcago Opown Bond 

There are various forms of bond in use, though this 
would appear to be one of the best. Another good bond is the 
Columbia, shown in figure 16. It consists of three pieces, 
which is generally considered a disadvantage, as entailing 
more chances or a bad contact, but when fixed it virtually 
becomes one piece. In each web a hole is drilled and a 
hollow copper thimble is inserted, tapered inside and out in 
opposite direolions. The bond is a copper rod whose ends 
are conical to fit inside the thimbles ; it is placed in position, 
and then pressure is applied to force it against the cone and 
the latter against the web, the head being practically riveted 
on both sides. 



Rguro 16— Oolumbla Bond. 


I will mention one other on a different principle altogether, 
known as the plastic bond. In this case the ides is to use 
the fish'plate also as a bond by preventing the formation of 
rust between plate and rail; the surfaces are cleaned up and 
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a plastic alloy or amalgam is placed between them, which 
spreads out under pressure of the bolts and makes a good 
electrical connection. This plastic bond is widely used in 
some countries not only for rails, but also for bus bar 
connections, as an improvement on the use of tinfoil for 
increasing the area of contact. 

Where the conductivity of the rails alone, when bonded, 
is not suflScieut to keep the drop of potential within the 
prescribed limits, a supplementary return^ conductor of 
copper used to be laid either between the rails or between 
the tracks. When so laid it must, by rule 60, be electri- 
cally connected to the rails at intervals not exceeding 100 
feet ; and as all the rails are part of the circuit, a conductor of 
the same size as the bonds generally sufhced. The use of these 
supplementary wires has now been given up entirely in favour 
of more careful bonding and return (insulated) feeders. 

It follows that if any single bond breaks or loses its 
good contact resistance is promptly introduced, which 
shows the importance of using the utmost care in the process 
of construction. For ascertaining the condition of the 
bonded rail joints, an instrument is used consisting of a low- 
resistance voltmeter and two contacts, which can. be pressed 
on the rail on either side of a joint. If there is any con- 
siderable drop of pressure owing to bad bonding, the rail- 
tester will snow it, and by comparing a length of solid rail, 
whose resistance is known, with a length containing a joint, 
the resistance of the latter can be calculated. To do this 
accurately either simultaneous readings must be taken on 
two instiniments or a number of readings must be taken to 
ensure an average equal current for both rail and joint. 

Gontinuous welded rails . — Without attempting to go deep- 
ly into this subject, which is treated in many books, I may 
say here that the usual methods of making a continuous 
rail are two. In ordinaiy electric welding a special welding 
machine is run on the track, taking its current from the line. 
By means of a motor-generator the line current is converted 
to alternating current, which is then transformed down to an 
■output of about four volts and capable of giving 40,000 am- 
peres. This is applied at the rail joint, which with its fish- 
plates is first cleaned by a portable emery wheel, and each 
rail is in turn welded to the fish-plates by heating to a white 
heat and then applying great pressure. In some cases the 
rails themselves are preferably welded direct, without fish- 
plates. The space existing between the abutting rails, if 
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any, is filled by driving in a thin section of rail first. The 
second method, or cast-weld, is perhaps hardly a weld proper, 
Tlie process is to clean the abutting ends of the rails with a 
portable emery wheel and then to pour a Jarge weight of 
molten cast-iron around them, using a mould for the 
purpose. This cast-iron unites with the rail ends and offers 
a very large cross section to the current (see figure ] 7). 
About 130 lbs. of metal are used at each joint, this being 
carried along in a large cupola capable of holding enougli metal 
for a number of joints. There is no actual weld between the 
cast-iron and the steel, but the rail is brought up to a great 
heat, and the intense pressure set up forces the two metals 
into the most intimate contact, so that, in a joint sawn 
through, the cast-iron seems to have actually bitten into 
the steel. It was recently stated in the Electrician (September 



Figure 17.— F«ik OAtt-weld, 

13th, 1901) that in one continental installation, where con- 
tinuous rails were used, 10 per cent, of electrically- welded 
rails proved faulty, but that the cast-weld joint had proved 
bettor, and only 3 per cent, were bad. Even this proportion 
is high. 

Feeders . — Wo have already seen that feeders are the mains 
used to oouduot energy from the generating station to the dis* 
tributing points. The trolley wire itself cannot be of sufficient 
size to carry the current required for all oars without far too 
great a drop of potential, and, apart from this, it must be 
divided up into sections of half a mole electrically independ- 
ent. So feeders of large size are run also, and are connected 
to each section of the line in turn. The case is different from 
lighting feeders, in that the same feeders in tramway work 
will often serve a number of sections of the line, not at one 
single point only ; wherever these connections are made (see 
figures 18 to 20) a pole switch is inserted and also a lightning 
arrester. What is required is to keep the maximum drop and 
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the average drop between certain defined but fairly wide 
liruita. In a properly designed system this use of feeders 
ensures all sections getting approximately the same operating 
pressure within these aUowable limits. It is not necessary 
on the feeders and insulated line to keep the drop down 
nearly as low as on the return, since it is determined by 
considerations of prime cost, cost of energy wasted, and 
proper operation of cars — economy in fact — there being no 
necessity for rules to regulate it in the public interest, as 
in the case of the uninsulated return or of electric-light 
feeders, where a large drop afiects in the one case tho pijies 
of other parties and in the other the standard pressure 
received in the houses. 

Methods of arranging feeders . — The different ways of 
arranging feeders are many. The first method adopted was 
to have a feeder run in parallel with the trolley wire and 
connected to it at frequent intervals, which was virtually 
equivalent merely to increasing the size of the trolley wire. 
The line could be broken up into sections (see figure 18 ) or 
not, but in those days generally was not. 



Figure 18.— Single feeder Gonnectloni. 

A far better arrangement is that shown in tho next figure, 
which is a true feeding system, though in the simple form 
shown it would scarcely do. Here tho line is divided into 



Figure IQ.— Feeders to various pofnte. 

sections, and a feeder is run out to each from the generating 
station. ^ By properly proportioning the feeders, this arrange- 
ment will give a fairly uniform drop. But with a ayatoni 
divided into hslf-milo sections, the number of feeders 
would be altogether prohibitive, and a modification is nocos- 
sary by which each feeder supplies a considerable length of 
trolley. .In fact, these main feeders arc used to supply 
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subsidiary feeders, whioh in turn supply each section of the 
trolley line (see figure 20). 


a 



Figure 20.-^ Main and subsidiary feeders. 


^ Arrangements can be made by which two feeders can be 
joined up in parallel to reinforce one another at particular 
points when occasion demands it, as at a in figure 20 — in 
cases, for instance, where a very heavy local demand occurs 
at particular seasons of the year. 

It is impossible in the time at my disposal to go into the 
question of the design of a system of feeders : it is a compli- 
cated process, requiring a thorough knowledge of the condi- 
tions obtaining. While on the one hand in a simple system 
there are just feeders which run from the station and are 
tapped off to feed each half-mile section of the line, in other 
and more complicated systems these are arranged to do this 
from certain central points to which main feeders are 
brought from the generating station. Taking the former 
case, the size of feeders depends on the drop in volts which 
is to be allowed and amount of current to be transmitted 
by them, and that in its tiurn depends on two factors : the 
nature of the ground— whether level ox having steep grades — 
and the number of cars likely to be on any section at one 
time. Thi^ last factor depends on the speed and the head- 
way, or time interval between any two cars. The drop 
usually allowed is from 10 to 16 per cent, on 600-voIt 
systems, this being the standard pressure in British practice. 
The very roughest estimate of a feeder might be worked 
out on the ordinary basis of 1,000 current density, but this 
does not suffice for more than the first roughing out, 
for it may give far too high a drop. * 

In more complicated systems the method is long and 
tedious, and I would refer those of you who wish to know 
more about it to Louis Bell’s “Power Distribution for- 
Electric Railroads.” The lines ^ must all be laid out in a 
plan, and the “electrical centre of gravity” of the whole, 
and of each section must be found by reference to the number 
of cars running, etc., and the calculations inyolye the 
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consideration of the extent of lines, average load on each line, 
centre of distribution, maximum load, the method of feeding, 
the necessity for reinforcement of the feeders at any parti- 
cular point, etc. All this is dealt with in the boob referred 
to, and examples are given. (See also page 78 post). 

On a level system of lines single cars of ordinary types may 
be reckoned "as taking about 15 amperes at the usual pressure 
of 500 volts, or with trailing cars 25 amperes. On ordinary 
gradients a single car may be reckoned to take from 20 to 
30 amperes according to steepness. A useful formula is 
given by Dawson for cross-sectional area of sub- feeders: — - 

QM_ 

where CM =circular mils (r^oo inch) of cross sectional area, 
0 — Current, 

D = Distance to point of consumption, 

K = A constant, 

V = Volts drop in feeder. 

Assuming an average speed of 9 miles an hour, 15 per 
cent, drop in voltage, taking X as 13 and allowing 25 
amperes per car with headways up to seven minutes and 30 
ampferes above that, the following table is given by the same 
authority : — 

Pounds of Copper required for Line Feeders. 
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6 




TJTBB. 

16 

2 

3 

4 

6 

7 

8 

10 

3 

BlO 

1,716 

3.412 

6,606 

13,766 

27,343 

45,820 

72,695 

109,365 

202,027 

4 

610 

1,361 

2.708 

6,159 

10,988 

I9,4.’i9 

87,041 

63, 466 

79,378 

162.781 

6 

610 

1,»79 

2,145 


8,673 


26,724 

48.213 

66,620 

123.COO 

6 


1 8S7 

1.701 

8,245 

6,878 

13,672 

28,327 

38,278 

62,030 

103,710 

7 

321 

' 867 

mwism 

2.674 

6.878 

13,672 

31,197 

81,177 

44,868 

89.074 

8 

405 

1 867 

1,701 

2,674 

0,878 

18,072 

21,197 

3 (,310 

40,387 

93,662 

10 

405 

679 


KAIll 

6,458 

10,843 

16.406 

27^216 

30,221 

76,860 

12 

405 

670 

1,071 

a, 041 

4,327 

8,698 

16,406 

21,688 

82.788 

61,738 

15 

405 

679 

mEnim 

1,818 

8.431 

6,823 

18,009 

19,140 

28,201 

40,036 

SO 

405 

670 

1,071 

1.618 

2,721 

6,407 

8,817 

16,179 

21.874 

38,878 


Feeders used to supply subsidiary or line feeders at 
a single point are calculated out, as in the case of electric- 
light feeders, by the so-called law of maximum economy, so 
far as it holds good. Several forms of this exist. Lord 
Kelvin’s original statement was “the most economical area 
is that for which the annual cost of energy lost just equals 
the annual interest on the capital invested.” Hopkinson’s 
modification provides for the ratio of the gross annual reve- 
nue derived from the conductor to the total gross annual 
expenditure upon it and on the energy supplied through it 
to be at the maximum. 
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Laying of feeders — Feeders may be run either overhead or 
underground, according to circumstances. Where the low-ten- 
sion feeders run from sub-stations, which are fed from a dis- 
tant source at high pressure, the high-pressure feeders will 
almost invariably be run overhead; but for ordinary tramway 
work in towns, underground feeders are generally used. Per- 
sonally I have grave doubts whether it -^Ibe found advisa- 
ble to run any cables whatever underground in this part of 
the world, as the great majority give trouble after a year 
or two, but they are so run in moat countries. Underground 
feeders for tramways are constructed and laid in a number 
of ways: the insulation may consist of vulcanised India- 
rubber, protected by braiding, etc., or lead, or paper protected 
by lead, fibre impregnated with oils or products of the 
nature of bitumen etc., etc. They may be laid either direct- 
ly in the ground or in various forms of open or filled-up 
conduit. I will take a few out of many just as examples 
In my previous lectures I gave a short description of the 
Callendar “solid system” of impregnated cables laid in cast- 
iron troughs filled up with bitumen. A section of that 
troughing is shown in figure 21. 



Figure 21.— Oallendar mains (section) 


The British Insulated Wire Company use chiefly paper 
insulated cables, lead covered, and also laid on the solid system 
with bitumen. The real insulation is in this case obtained 
from the paper and the dry air surrounding it, and it is 
quite essential to prevent any trace of moisture ’having access 
to it. Where cables are laid direct in the earth, they must be 
lead-covered and then armoured as a protection against 
mechanical injury. The armouring is of steel, in the form 
of tape or wire wound in two layers in reverse directions 
or in a special shaped section, which renders one layer 
sufficient by the strips overlapping and looking. Over the 
armouring is an impregnated covering to prevent rusting 
or chemical action from the soil. 
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Other methods consist in laying a pipe or conduit 
through "which the cable is af^terwards dra"wn. These con- 
duits may be of cast or wrought-iron, of stoneware or concrete, 
or "various other materials, and are made in many forms. 

When these “drawing-in” systems are used manholes . 
are placed at intervals for the purpose, and a light wire 
is used to draw the cable through. 'I'he manholes must in 
England have ventilating arrangements (though of course | 
these must also be watertight) this being on account of^ the 
danger of gas accumulating in them and causing explosions, i 
This is a danger to which all closed conduits are subject, 
and a good many such explosions took place before free 
ventilation was insisted on. The Calcutta feeders are all 
laid on the solid system in iron troughing. 

Junction'lozeH. — In electric-lighting systems there are 
very few feeding points, but in a tramway there are many 
owing to the necessity for di"vridiDg up the lino into shoii: 
sections. Between these sections there is an actual break of ‘ 
continuity only when the section switch is opened or tho 
fuse has blown. The lines on each side are connected to tho 
feeder in a junction-box with switches for each connection, ' 
these boxes being placed either on the pole or on the foot- 
path. Figure 22 shews one arrangement for the electrical \ 
connections of the jimction-box and tho switches. The i 
connecting wires from the feeders are, as a rule, carried up 
the inside of tubular poles, coming out near the bi’acket arm i 
and running along it to the trolley wire where tho connec- 
tion is made by means of special feeder ears. 
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Lightning «wsfora.-— At various points it is necessaiy to put 
lightning arresters also for the protection of the feeder and 
overhead line. In my previous lectures I described two o'r 
three forms, so I will now describe a difiEerent form used 
particularly in traction work. In principle it is not dis- 
similar to the ordinary telephone arrester, which consists of 
two plates of metal, with teeth at the edge, brought close 
enough together to make an easily bridged gap. But in 
such an arrester on a 600 volt circuit an arc would be 
formed which would continue to bum until nothing was 
left of the plates 1 Instead of getting over this difficulty, the 
Ajax arrester takes advantage of it in the manner shown in 
figure 23. Two No. 26 gau^e brass wires, each insulat- 
ed with a single covering of silk, are placed touching one 
another for about two inches, one connected to the line and 
the other to earth. On a discharge occurring over this very 
small spark-gap — inch — ^they are completely burnt up, 

and the arc is thus broken. A dozen of these fuse arrestors 



Figure 23.~AJax lightning arrester. 


are placed in a single case, and as the top one is burnt out, 
the next is automatically put in circuit. This is done by 
means of a carbon ball, which makes the contact between 
the line and its fuse by resting on the end of the connecting 
wire of the fuse and against a long U-shaped strip of metal 

F 
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connected to line. When the fuse burns up with its connect- ' 
ing wire, this carbon ball is no longer supported, and conse- ' 
quently drops down to the next support below, putting it 
into circuit ready for action. A cast-iron water-proof box 
holds the set of arresters, with an asbestos lining to prevent 
the arc striking over to it. The box itself is always earthed , 
ill England, whatever type of arrester is used. Asa rule 
choking or kicking coils are used to assist the action of 
lightning arresters by insuring the discharge jumping the 
air gap at the right point. Alternating and oscillating 
currents of high frequency will more easily jump a clear 
air insulated spncethango round a coil having self-induction; , 
so the alternative is offered, and the arrester is usually chosen. , 
You will notice that in Calcutta the lightning rods are gene- ' 
rally provided with an artistic coil of three or four turns at 
the top. Apart from the fact that the construction and ' 
fixing of these rods is so deficient in other ways, that they are 
entirely useless, it is doubtful whether a lightning discharge 
would ever traverse this unintentional kicking coil. Obvi- 
ously these rods should run with as few bendjs as possible, 
and these quite gentle ones. Twists, zigzags and right angles ' 
are unnecessary and harmful. Such a coil offers no impedi- , 
ment to the ordinary direct current supply of energy from 
the feeders. ' 

Money laid out on a carefully-arranged system of arresters 
is well spent, for should a discharge damage the under- ' 
ground cables, it will do much harm as well as perhaps stop ^ 
the service. The trolley wire is the part most liable to be ' 
struck. Should a discharge occur at the rail, the series ! 
coils of the car motors will act as choking coils and preserve 
the machines from burning out. 
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LECTURE III. 

Thi-j Overhead system — continued, 

I have already mentioned that there are three forms 
of overhead construction, viz., centre poles, side polos, 
and span wires. We now come to the construction of this 
part of the equipment, and it has been a difficult matter 
with so much material at hand to know what to describe 
and what to leave out. We owe to the engineers of the 
United States the design of most of the details of the best 
modern overhead construction, even though in many instances 
our own people have improved on their designs in view of 
the somewhat different requirements of British practice. 
Our intense conservation always leads the majority of us to 
look with suspicion on new ideas radically different from 
1 those obtaining, other nations take them up and got a good 
\ start of us, and eventually the experience gained abroad is 
lutilized by our own engineers, who are able to avoid the 
1 early mistakes and failures of our competitors. 

Poles and BracJeets . — These aro almost always steel, of 
graduated tubular form, and of very stout construct’on owing 
to the severe side strains to which most of them are 
exposed ; the bases are generally castings, as they have to 
be made heavy and very strong. Where feeder connections 
are made, the base of the pole is sometimes utilized for the 
connection. Built-up lattice poles could be made stronger 
and perhaps cheaper, but their appearance would be 
intolerable, and they have been very little used ; in America 
both these and wooden poles have been used to some extent. 
For ordinary centre pole construction on straight runs, the 
pole can bo comparatively light and erected vertically to 
start with. In span-wire or side-bracket work and on all 
' curves it is necessary to give the poles a rake in the direc- 
tion to oppose the pull on them, whether due to dead weight, . 
as in the case of very long projecting side brackets, or to 
strain, as in the case of span wires and curves. In span 
wires and curves convex to the poles the strain is an inward 
pull, while on curves concave to the poles the dead weight 
and strain oppose one another, and the strain is the factor 
which must be reckoned with as the more powerful. Where 
span wires are used the strain is very great if the spans are 
luge and the wires strained up tight, and a rake up ta 
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one foot is sometimes necessary. The height of polos is 
regulated to ensure a minimum height for the trolley wire, 
in the centre of spans, of 17 feet, as prescribed by Rule 74 
of the Government of India, unless of course lighting is to 
be done on the same poles (as is, sometimes the caso) in which 
event the height is altered accordingly. Spans may not 
exceed 120 feet under the same rule, and tho trolley wire 
is generally strained up to give a maximum dip of about 
15 inches in hot weather on the full span. On curvos tho 
spans are shortened, since the poles cannot easily be stayed 
laterally, as other overhead lines can, and the dip is propor- 
tionately reduced. One rule is to allow a dip of f per cent, 
of span at the average temperature. Poles are set in concrete 
or in rammed earth and stones according to the nature of 
the ground, in holes from 4 to 6 feet deep, tho base generally 
resting on a block of stone. Brackets are made of pipe as 
a rule, as castings would suffer from the continual jar and 
strain, and would be more expensive. For ordinary centre 
pole construction, nothing but the pipe is needed, and the 
scroll work generally used is for the sake of appearance ; 
where a bracket projects over 6 feet, it is generally necessary 
to put in a stay rod from the top of the pole, and in the 
very long brackets used for side pole construction on a double 
track (figure 24) several stays arc required, running out to 



Flffur* fl4.- Lpnt; lids br«ckat. Figure 36 -Double braeket. 

difiefent points along tho bracket. In many cases the lino is 
support^, not by the bracket itseJtf, but by a steel wire 
Boohed botweep the pole and the end of tho bracket. Such 
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a luethod of flexible suspension does away with a good 
deal of jar as the trolley wheel passes the poles, which at the 
high speed often reached is an important matter. In 
span- wire work stranded mild steel bearer wires are employed, 
hung from poles on both sides of the street. The determin- 
ation of the correct amount of dip to allow on span wires is a 
somewhat complicated matter, especially on curves ; but the 
main point is that the height of the trolley wire in middle of 
span must not be less than 17 feet at any time. The more 
extreme the cold and hot weather temperatures, the more 
carefully do the details want working out to avoid on the 
one band excessive dip, on the other hand excessive strain. 

Ihe Trolley wire md iU adjmeU. — Hard-drawn copper 
wire is almost always used for the overhead line as giving 
the best combination of conductivity and tensile strength, 
but in exceptional cases phosphor bronze has been used, 
which is enormously stronger while still having fair con- 
ductivity, The usual size of trolley wires is 1/0 S. W. G., 
diam. ’324 in., area ■0825 sq. in. ; resistance *099 ohms 
per 1,000 feet; weight 1,680 lbs. per mile: or 3/0 S. W. G., 
diam. *372 in., area *1087 sq. in. ; resistance *075 ohms per 
1,000 feet ; weight 2,210 lbs. per mile. 

The wire has to be held in position over or near the 
tracks, and insulated from its supports, while at the same 
time the arrangements for holding it must allow the trollej 
wheel or collecting bow to run freely past. The wire is 
therefore soldered to grooved ears (figure 26) of gun-metal, 
shaped to fit the top of the wire accurately and ready tinned 
to receive it. The ears are held from above by the special 



Figure 26.— Ordinary ear. Figure 27.— SpHoIng ear, 

insulating devices about to be described, which in their turn 
are fixed to brackets or suspending wires. But in the 
case of bracket construction the system is somewhat rigid 
and apt to cause breakage, so the practice is often to suspeffd 
tlie ear flexibly, as mentioned above, on a short* length of 
steel bearer wire hung between the end of the bracket and 
the pple with a span wire insulator,- 
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Where the line makes a sharp bend, the side pull on 
insalators of the ordinary types described becomes very 
great, and there would be a danger of their pulling over — 
for they are built for vertical support, and not to stand side 
strains — and the jolt of the trolley wheel adds to this danger 
considerably; so in such cases two insulators are usually 
placed side by side; a gun-metal bar, about 8 inches long, 
IS placed across and insulated by them, and the ear is fixed 
to the middle of the bar and bent to suit the direction of the 
trolly wire. 

Where a joint is necessary in the wires, the ends are 
brought to a special splicing ear (see figure 27) arranged 
so that each wire is brought u[) through the metal, then 
turned back on itself, and soldered above as well as below 
the ear. Should the erected trolley wire break at any time, 
a special splicing tube is used (figure 28) to effect the repaii*, 
into which the two ends of the wire can be put while held 
together by a straining-up vice. The tube has slots in it 
through which saw-edged ‘'dogs” can be slipped in, and 
these nip the wire as eoon as the strain is relieved and 
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Figure 26 .-~ 8 pl|cing tube. 

dispense with soldering, while allowing the trolley wheel or 
bow to run smoothly across. 

Special ears are also used where feeders come in, carry- 
ing terminals for the connections, and others again for 
anchoring the trolley wire at intervals. This anchoring is 
necessary because there is a tendency for the trolley wire 
to drag the ears away from the insulators, and much of this 
strain is relieved by occasionally staying the ears them- 
selves, so that the point acts as a terminal. In case a break- 
age occurs, it cannot then affect the line beyond the 
nearest anchoring points. Four separate stay wires are run, 
two in each direction of the line, spreading out from the ear 
to the extremity of the brackets of the next pole, the insula- 
tion being obtained from the strain insulators I am about to 
mention. To prevent the brackets thus, used from being 
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pulled over, the wires are continued beyond them for 
another span, and thero fixed to the pole itself as low down 
as is consistent with safety. 

For suspending the ears to and insulating them from the 
brackets and span wires, and for keeping them ovor the 
lines on curves, a groat variety of apparatus has been 
designed. I onl)' propose to mention a few pieces of 
which I have samples to show you. It must be remembered 
that the arrangements must be such as to allow the car to 
run safely past tlie supporting places, whether simple or 
complicated. This necessitates a design such as allows the 
trolley wire to be soldered to the lower side of the conduct- 
ing piece, which is itself insulated from the supports of the 
lino. The actual insulation is effected chiefly by two methods, 
viz., bolts encased in insulating material and uninsulated 
bolts screwing into a cap of insulating material. Porcelain 
and glass are not admissible for this class of work, as they 
would be unable to stand the continual shocks ; so special 
compotmds are made up which can be moulded or pressed 
into shape, and which retain sufficient elasticity to stand a 
great deal of hard wear when protected by a metal covering. 
Hard India-rubber is eraployeij in some cases, and compressed 
mica, similar to that used for generator brush-holders, is also 
very largely used. The exact composition of the material 
is, however, more or less of a trade secret. 



Figure dOi— Aatnn lnlulato^ Figure 30 ,— Weit-End IntuIaUd Bolt. 

In the case of the metal-oappod insulators, the conduct" 
ing ear is screwed into the insulation, which has a threaded 
metal liner in it. Pa the other case the insulated bolt can be 
screwed down on to the oonduoting ear, which can therefore 
be soldered previously to the line. The bolt runs inside a 
complete cas^metal case, which holds the head of the bolt, and 
a cap is screwed on the top, so that its insulating covering 
is completely protected from injury; and even if the 
insulation is totally destroyed, the bolt head is stUl held 
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and the line cannot drop. Illustrations are shown of a few 
typical parts using the “West-End” insulated bolt. 



Figure 31 —West End bracket-arm hanger. Figure 32.— West-End straight line Insulator. 

The bracket-arm hanger (figure 31) and the straight lino 
insulator (figure 32) are used where the line is straight, accord- 
ing to whether bracket or span-wire suspension is employed. 
On curves with span-wire suspension the single or double pull- 
off insulators (figures 33, 34) are employed} the stool wiros 
hitching on to tho projecting arm to pull the lino into, and 



Figure 33.— Single pull-ofT. Figure 34.— Double pull-oflT. 

retain it in, its required position. In this case the steel wire 
is not “ alive,” but is insulated from the line by the ordinary 
insulated hanger. The trolley wire itself can only bo made to 
follow the curves in a succession of short chords, all sujiport- 
ed by bearer wires radiating from the centre of tho curvature. 
From this central point heavier bearer wires go off to the polos 
at the side. The second trolley wire on a double track will in 
&e same way be supported by coatinuatious of tho wires 
from the first. In the case of bracket construction tho use 
of longer, chords is necessary, unless the poles are to be very 
close together ; the actual arrangement in each case is ■'worked 
out so as best to suit the conditions. Where the line passes 
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under a bridge or tunnel, a bridge insulator, very similar to 
the others, but arranged differently at the top, is bolted on to 
it, and a somewhat similar form is used in the car sheds. 

At feeding points the insulating bolt is replaced by 
a hollow bolt, in which the connection is made both to the 
feeder above and the line below. In such cases as well as with 
pull-off wires the insulation is obtainedby supporting the gear 
between “ strain insulators,” (see iigure 35) which are also 
used for span wires in order to give double insulation at 
all points. These are also arranged to interlock in such 
a way that if the insulation is destroyed, the suspension 
still bolds good by its metal parts, which may earth the line 
and open the circuit-breakers, but any way prevent the 
wire from falling. Where it is desirable to be able to adjust 
the strain, to take up slack or to allow more, a similar 
arrangement is used in combination with a turnbuoklo. 
Specially heavy pieces are also used for holding up aSrial 



Figure SB Giant" strain Insulatoi. 

crossings and points, and for taking up the great strain at 
terminals. 

At evory half-mile the lino is interrupted by a “ section 
insulator” (figure 36), which differs from an ordinary straight 
line insulator in being divided up into two parts electrically 



Figure 36.*Qeotion Iniulator 

separate. The trolley wheel can run right over, but it breaTrs 
circuit in the middle, whore the conducting oar is replaced 
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by a short length of wood or similar non-conductor. The 
two parts of the section insulator are held together by insu- 
lating bolts at the top, and electrically connected to each 
ear is a clamp in which the isolating switch wires or feeder 
wires are held. 

The number of all these different pieces of apparatus 
that are required in construction and their ordinarily aecej)t- 
ed names are shown in the table below, on the authority of 
Dawson — 


Table Namet of Parts and Approximate quanlUics of Material used in one 
m>le of hue constrttohon. • 


Buxorst- 


Nahbs of fibgsb 

USED 


SOSiaiTBIOK SuSPMeiOH 


03 • 

'5’^ •§« 


Stroiglit line Insulator 
SingiH pull off 
Double ,, 
Bracket-arm inanlator 
Fiw 

Plain ears or clips 

Strain 

Spboing,, 

Stram insulators 
iosulated turn buckle 
„ pull off 
Crossing 

UnlQBUIated tiim- 
buoklo. 

Number of poles , . 


RRANOir 

Curve. 

03 • 

^ . 

'SL’g 




“s 

" n 

8 

la 

“"l 

"a 

6 

16 

1 

a 

' 'a 


a 

2 

2 

0 

... 

1 

'"a 

"a 

800 

800 


Awcnoit- 

AOU. 


Onh, 

fUiiiroUT, 


NasutnHlon -wire in feet 3,000 8,000 

Trolley ivire In feet . 6,280 10,600 6,280 10,800 


Frogs, points and crossings are more difficult to deal with 
on the trolley wu’e than on the rails. Every possible arrange* 
ment of rails has its counterpart in the overhead equipment, 
and yet it is by no means infrequent to seo the trolloy-polo 
hauled down at these places and the car allowed to run past 
by its momentum, showing that the car conductors have not 
full confidence that the trolley wheel will run through pr(*p- 
erly. The arrangement adopted is to let the trolley wheel 
run in between guides at the crossing place, arrangomonts 
(automatic or otherwise) being made to guide it where it is 
intended to go. I'he wear on the trolley wheel is apt to bo 
excessive at these places, and if it were run on and off the 
trolley wire always that also would be liable continually to 
break down ; so at the points and crossings the wob in tho 
bronze casting takes the place of tho wire, which is run up 
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tlirough a hole and soldorod at the top, as shown in figure 
37 — an arrangement shnilar to that of the splicing our. 


r 



' Flfin-ifo 37 - Web of fiOrlaJ crossing 

In erecting a trolley line the ground is first inaikod out 
for the positions of all tho poles, which are spaced out evenly 
at about 130 feet apart on the straight and as required at 
erossings and curves. The polos are then erected either 
vertically or at the proper rake to suit tho strain tliey will be 
subjected to. Brackets or span wires (as tho case may ho) 
are then put up with the insulating jjarts of all sorts. In 
span-wire work the stranded steel bearer-wires themsolvos 
are insulated by strain insulators, in addition to tho suspending 
insulators of the trolley wire. Next the trolley wire is carried 
along and attached temporarily to its supports. It is then 
fixed permanently at its terminal point, strained up and 
soldered to the ears all along — which oi’e attached to their 
insulators either before or after according to the method of 
insulating adopted. The work on tho lino is done by means 
of adjustable tower wagons, of which several may bo soon 
in Calcutta streets at present, arranged with a platform 
at the top on which several men can work. 

Guard wim.— Where telegraph, telephone or other wires 
cross the trolley line, it is the general ijractice to put guard 
wires over the line to prevent the charging of any falling wire. 
These guard wires are sometimes themselves a cause of accid- 
ents, though they no doubt save others ; one authority has 
aptly described them as a “ nooossaiy evil.” Hero in Cufoutta, 
where wo have bare overhead wires for electric light, electric 
traction, telegraph, and telephone, the problem of guarding is 
somowbat acute, and a committee was recently convened to 
report on the best methods of doing it. None of tho alter- 
native methods to guard wires was suggested for trial, but 
it was agreed that these should be made more cfEoctive, as 
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reffards electric-light circuits, by enclosing the lines between 
four guard wires, interconnected by loops at interYals, as 



FIguie 38 -'Guarding of bare electric supply lines, Calcutta 

shown in figure 38, so as both to prevent a wire falling at 
right angles from whipping round, and also to catch a parallel 
wire. For tramway circuits this complete looping is inadmis- 
sible, as the trolley pole must be free to run along, but the 
telegraph or other foreign wires can sometimes be so enclosed 
instead, which is, in my opinion, the very best method when 
there are not so many as to make the framework unduly 
cumbersome. However, guard wires are generally run above 
the trolley wire and may do some good, though some 
experiments recently made in Madras go far to prove that the 
falling wire, if it breaks at some distance from the tramway 
lines, will, nevertheless, curl round and make contact to the 
guard as ordinarily erected. The subject is a very difiBcult 
one. The method of guarding which has been adopted by the 
Tiamway Companies in England, at the instance of the 
Postal Telegraph Department is shown in figure 39. 
In Appendix IV will be found the rules on which this 
ariangement is based. In each case the outside guard wires 
are 8 inches horizontally from the live line, and the number 
depends on the distance between trolley wires. Experiments 
made in Englaud— where wires were purposely cut down 
over the guards — were favoui'able to the method, and it has 
been generally adopted in Calcutta. Of course all guard 
wires are frequently earthed, so that if they make 
contact with the live line, they should invariably burn out. 
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Occasionally, however, they have only got red hot, where 
earthing has been infrequent and ineiScient. 
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Figure 39.— British Post-office methods of guardine; 

A nother very common way, especially on the Contiiient, 
is to run a strip of wood along the top of the trolley wire, 
attached by small brass clips, so as to prevent contact at the 
time of falling of any otlier wires. This is very well so far 
as it goes, but the falling wire will probably curl up and 
make contact below, or slide along to beyond the strip, and 
the general opinion is that the method is utterly useless. 
In the case of bare electric light lines I recently noticed 
a long bamboo threaded on a wire at the point where a 
telegraph lino crossed it. It looked hideous, but should 
certainly prove effective 1 

The great majority of people in England are agreed 
that the best way of preventing foreign lines from falling 
over live-power lines is io remove them I It was with this view 
that the Joint Select Committee, whose report I so fre- 
quently refer to, recommended that facilities should be 
granted to telephone undertakers to lay their wires under 
ground. In many places this has been done; in others the 
local authorities have ignored the recommendation and re- 
fused, even though the tramway undertakm’s have boon willing 
to pay tho expenses involved, seeing that they ore bound 
by rules to guard in some efficient way. It is not of course 
necessary to do tliis except whore the wires cross— often a 
single span only need go under ground. A less expensive and 
also effective way is to bunch the crossing wires into a cable 
and suspend it over tho crossing, hut there are disadvantages 
to this course. Where single wires cross it is advantageous 
to support them on the same post with the power wires, as 
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in case of breakage at the support the wires will then fall 
clear. Jn Bengal I fear we must bo content with guard 
wires, for there is no question that underground cables have 
not at present proved altogether a success, especially of such 
sorts as are used for telephone work. The lead covering 
rapidly deteriorates. 

Collection of current — Simens bow . — There are two ways 
in which the current can be taken off the line, namely by 
a trolley wheel or by a sliding bow, the latter being used 
very largely in Germany, but not, so far as I am aware, 
elsewhere. In botn cases the collecting gear is pressed 
upwards against the wire by powerful springs, which allow 
the necessary latitude of veitical movement. 
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TliG Siemens bow (shown in figure 40) Is built up of a light 
steel tubular framework carrying on the top a slightly convex 
aluminium bridge of U section (figure 41), which simply rubs 
along the wire and so collects the curi’ent, nearly all the wear 
being taken up by the bow. Very considerable variation in 
the position of the line can bo allowed, for the conducting 
part of the bow is some 4 foot long. It has no horizontal 
motion, the wire travelling about on it freely as its position 
changes. One would think that there would be on the whole 
a more intemittent contact witli the bow than with a wheel, 
especially as the bow naturally wears down more at the points 
whore the trolley line ordinarily lies on a straight run, but, 
so far as I could judge when travelling on these cars, there 
was very little more sparking than with a trolley. Tliis 
wearing down at i)articulav points is ininimisod by giving 
the trolley wire a somewhat zigzaz course, so that it seldom 
keeps at one point on tlio bow for long. A good contact is 
essential always, not only to save wear, but also to prevent 
induction on neighbouring tolopbono wires at the mako and 
break; for it is no use specifying that generators are to 
‘‘produce a continuous current without appreciable pulsa- 
tion” if jumps on the oar convert this into an intorruptod 
current. 

For lubrication the inside of the (T-shaped bridge is 
filled with grease, and the wear is consejiuontly reduced to 
a minimum ; 20,000 to 30,000 car-miles is the stated life of 
the bow, while the wear on the wire is almost inappreci- 
able. One undeniable advantage of the sliding bow is that 
it practically cannot get off the lino as trolley wheels not 
infrequently do, and it is therefore distinctly the more 
Buitable for very high speeds. Then, again, no special 
arrangemonta are necessary at points and crossings, which 
enormously reduces the complication of construction at these 
points and greatly reduces the unsightliness, and the line 
at curves need not follow tho track nearly so closely as is 
necessary with oentro-running trolleys ; in fact, it is better 
when it does not, os already pointed out. If the direction of 
tlie oar changes, the bow adjusts itself and does not nood to 
be pulled round by the oonduotor. Where a voiy steep 
gradient requiring a very heavy current is met with, it is 
sometimes arranged that a single track only runs up it, the 
bow colleoting off both trolley wires at the same time. Having 
seen this system at work in Hanover and elsewhere, 
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I confess it seems to me superior to tlie other, ami I do no 
know why it is that it is not far more widely used. 

Trolley Wheels . — Trolley wheels are made of gun metivl 
from 5 to 6 inches in diameter, grooved deeply, and weighin; 
some lbs each. Tiie groove is sometimes rounded otf am 
sometimes V-shaped, the aim in the latter case being a botto 
and larger contact. I’hey are carried on the end of a ligh 
tubular pole, the conducting wires being carried down in 
side to the cars. The conductor is electrically oonnectoc 
to the fork in which the spindle of the wheel runs, auxil 
liary brushes sometimes collecting direct off the wlioel 
For automatic lubrication of the spindle a bushing o 
graphite or carboid is often used, which increases the resist 
auce between spindle and fork. Automntic lubrication on tin 
lines of the punkah wheel is also used to some extent, bn 
probably the best way is to have each wheel oiled after tht 
day’s run. The wear on trolley wheels is considerable, am 
cuts right through them after a time. With old forms o 
wheel this often caused the wheel to actually come to piocof 
when travelling, but ribbed wheels (figure 42 ) aro nov 
universally used, as the inconvenience of coming to a stand 
still miles from the repair shed is obviated. 



Figure 42 — >West End trolley wheeli 

The trolley polo that carries the wheel is in England 
generally fixed at the top of a pillar about 4 feet high, on 
or in which are fixed the springs that hold it upwards. This 
is because cars there carry passengers on tho roof as well 
as inside. In countries whore outside seats are not used the 
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pillar i« not required. In any case arrangements are so 
' made that the trolley polo can swing round for rercising 
the direction of travel and also to allow for the line chaugino" 
f its position with respect to the car. As a general rul^ 
’ tho Irolloy wires run more or less over the car, but in some 
^ places the wires have been carried on side brackets entirely 
! deal’ of tho track, the side running trolley pole i-unning out 
almost its full length to them ; even ten feet can in this way 
j bo negotiated. The trolley wheel itself, with its fork, can 
f also swivel on tho pole head so as to always meet the line 
. true nt any angle. 
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The usual length of a trolley pole is 13' 6^'; outsid 
diameter at butt from l^"to 2", and at head 1"; weight aboi 
27 lbs. They are very flexible indeed, capable of taking 
deflection of over 3 feet without permanent sot, and of carr;) 
ing a strain, equal to a concentrated weight of 80 to 100 lb 
at the end. The trolley pole by compressing its spriji{. 
can rome down to the horizontal position, and in tli 
vertical dix’ection must be capable of moving u]) to tli 
highest point of the trolley wire and still retaining onong 
upward pressure for good contact. Whenever doublo-tlockf 
cars are used, the trolley standard is electrically oonnoeto 
to the wheels and frame, and thus oatthed, in ordor t 
prevent all risk of shock to passengers. It is not nocussaril 
placed in the centre of the car, as both the trolley an 
head can adjust themselves within wide limits. 

Can . — In order to withstand the groat strain of fh 
trolley pole, the top of these cars needs to bo oxtrtuiud 
strong as compared with tlioso for other forms of trnctioi 
Underneath also the framework has to bo dosignod to oarr 
the considerable weight of the motors. 

The essential requirements of a satisfactory motor tru(! 
are strength and durability without oxeossivo wtdght, 1 
must be so framed and braced at all poinls as to prevent 
getting out of square, and it must in no way depend on th 
car body for strength. Tho motor has to bo spring-Muppurtn 
on the truck to prevent jolting, and tlio whole arrangemei 
must be capable of easy inspce.tion. Amongst otlnT mmlnr 
developments is the maximum traction bogie truck, whir 
is so anauged that with an iS-wheolod 2-motor eai',tlujgrout( 
part of the weight is distributed on tho 4 wheels driven l» 
tho motors, so as to ensure the maximum traetivo idVtjr 
Hut though these cai’s have boon, and aro, very largely unet 
there are many engineers who oonsidor thorn inferior to th 
ordinary types. They aro no doubt suimrior atstartint 
but they do not lend themsolvos so convonionlly to the iiiipl 
cation of some of tho best forms of brake, and tiiiTo w 
danger of the idle wheels actually rising olV tho track aUt 
gothor and perhaps causing dorailmont. 

In other respects eloctrio cars vary as much iw hort 
cats or railway carriages, being built open and shut, with an 
without top scats, with various numbers of wheels, iin<l c 
every stage of comfort and tho iDvorso. Tho wheels urn 
bo either stccl-tyred or ohillocl iron, both being hirgely uset 
but the iormer have had a much loiigoi life in places wbei 
both have been tried, nniouuting to thieo times as Ion, 
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American cars are the beat ai’ranged and the best looking, 
but travelling on them is at times rather a trial owing to the 
maxim obtaining there that the passenger capacity of a car 
depends on the number who can hold on ! JBuglish cars are 
seldom properly lighted or warmed in cold weather ; American 
cais, on the other hand, are brought up to our hot- weather 
temperature when the thermometer outside is far below 
zero Fahrenheit. I have stepped out of a car into an air 
temperature differing from it by over 100 degrees Fahrenheit! 
Whether the Calcutta Tramway Company will take the 
opposite course and fan or refrigerate their passengers is 
perhaps doubtful, tliough in Germany the railway saloons 
have centrifugal ceiling fans. Heating, where necessary, is 
now generally done by means of electric radiators fed from 
the lino circuit, of which several aro placed at different points 
in the car, — all in scries. There are generally two indepen- 
d<‘ut circuits in each heater, of different resistance, so ns to 
absorb different watts and give varying temperatures, accord' 
ing as whether either or both are in use. Lighting is also 
effected in the same way, the lamps being run in series on 
the full pressure, either five 100-volt or 106-volt lamps, or 
two 2r)0-volt lamps, or any similar combination. 

In addition to the controlling, lighting, and heating 
of the cal’, there is always a lightning arrester and choking 
coil and an emergency cut-off switch. The lightning an estors 
may be either the same as those described in the case of the 
line or similar to those non-arcing arresters described in my 
previous lectures. 

Motors . — It is now general, in fact almost universal, 
to use single-reduction gearing on ordinary urban street rail- 
way motors. A direct coupled motor is too heavy owing to 
tlio slow speed nt which it must run, while the loss in efficien- 
cy due to double-reduction gearing, which was originally 
used, is too groat to allow of it. Worm geariiighas been used 
to a small extent, but it is not suitable for tbe rough condi- 
tions it is called on to work under. In order to reduce the 
noise due to the use of gearing, pinions are generally 
made of raw hide, which is satisfactory in every respect. 

The work of traction motors is of a very different nature 
to that of most others; motors driving fans, or any other 
machine requiring an unvarying effort, are built for a 
certain steady horse-power which they maintain. In many 
machine tools the power is constantly varying by a very 
considerable amount, but tbe average power is fairly calcul- 
able. But traction motors are called upon for extraoi'dinary 
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effort at starting, especially on gradients, and thoir average 
work varies also very greatly according to whoihor they arc 
going uphill, downhill, or on the level. Thou, again, ilioy are 
subject to sudden reversal on short circuit occasionally. What 
is the rated horse-power of a traction motor ? It is just 
what the makers choose to call it. A 15 IT.-P. and !i0 H.-P. 
tramwa)» motor by different makers will perhaps be jn- 
distinguishable, the only difference being that A rates Jus 
motor by the continuous output obtainable witli a given 
rise of temperature, while B rates his on tlio maximum safe 
output for a shoit time. The Gonoral Mloctric Company 
of Amo»ica have adopted as their staxidard the torque wliicli 
a motor can exert for oxio hour at the circumfoionce of 
a 30-inch or 33-inch wheel, at the normal speed, with a rise 
of temperature not above 135“ Falu’. 'I'his rise in tem- 
perature would be quite inaduiissiblo in ordinary motors, 
and is too high even for traction motors for tho plains 
of India, but traction motors aro built virtually firo-jn'oof. 
At the present time they aro also complotoly ironclad; 
so that even if a motor is lit uji insido, no damage 
would ensue outside. The recent disaster on tho Liverpool 
overhead railway would probably — almost certainly — not 
have occurred if ironclad motors had been substituted for tho 
original open ones. 

Dawson states that tho practical experience of many years’ 
use has proved single reduction motors to be thoroughly 
reliable and efficient (80 per cent, as against 60 per cont, 
with double reduction), and to fairly fulfil tho following 
essential requirements of a motor for tramways : — 

(1) The motor must bo as light in weight as possible, 
having duo regard to strength and simplicity in its mochani- 
oal and electrical construction. 

(2) It must he completely closed in and protected from 
dirt, moisture, etc. 

(3) Its capacity must bo ample, and it sliould be ablo 
to run continuously for at least two hours at its rated 
capacity without heating beyond whatever uitiy bo tho limit 
fixed, say 90“ to 135“ Fahr. It should he capable of 
developing at least 60 “/^ more than its rated capacity, 
without injurious sparking or other damage, and the starting 
torque must be groat. 

(4) All the external and internal parts of tho motor 
must be thoroughly accessible and easily taken apart, since 
difficulty of access means higher charges for maintenance 
and labour. 
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One of the best known and most used motors on the 
mai’kot is the General Electric Company’s “ G.E. 800 ” motor, 



Figure 44,— Tramw&y motor opened 

rated at 26 H.-P, It is specified under their system as 
capable under the usual conditions of time and temperature 
rise to give a drawbar pull, or horizontal effort, of 800 lbs. 
through a 33>inch wheel. This motor, which is single 
reduction, weighs 1,450 lbs, 

C’uMiJro?.— Motors for ordinary industrial purposes, which 
when onoe started generally continue to run for long periods 
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under a fairly constant load, are started up in sorios with 
a resistance which is cut out gradually as the apood rises 
to normal. The starting resistance prevents oxcossivo cur- 
rent at first, when the ai'maturo is merely a very good 
conductor short circuiting the full presstire ; but once the 
speed comes up back E. M. F. plays its part and proven fcs a 
burn out. Only very small motors can bo used without n 
starting resistance. 

This method was also the first adopted in electric 
traction, and it is still used in certain cases. The motors 
— if there are more than one — aro in parallel across tho 
circuit, and the resistance is inserted in the lead common 
to both, so that the one rheostat controls both motors pre- 
cisely alike by reducing the pressure at tho terminals to a 
safe amount at starting or, to be more exact, by i)roventing 
it rising to normal. Of course all tho 0® It watts in tljo 
rheostat aro wasted, and this wasto is very oonsidurnble 
when there are a lot of cars with close stopping places. 
An improvement on this method was the use of the various 
arrangements of the field coils m series or parallol or with 
parts out out or shunted. Tliis arrangeineiit is known 
as the commutated field method, and can ho usod in 
combination with other systems. 

At the present time the series parallel controlloi* has prac- 
tically ousted all others, as it not only saves a (jonsidorablo 
amount of waste but also takes only half tho amphros from tlie 
line at the start. Here the motors at first are connootod in 
series, each getting only half tho lino pressure, which, how- 
ever, with only a very little resistance in sorios, and that cid. 
out almost at once, is sufficient to develop onormous tor(]ue at 
the start from rest; and this arrangement of having tho 
motors in series, each over half the lino pressure instead of in 
parallel at the moment of starting, introduces a great saving 
in energy as well as economy in what is actually usod ; for 
what was previously wasted in tho large rheostats is now 
doing its work on the motors, and back E. M. F. lias tukoii 
the place of_ resistance coils. In the final position tho two 
motors are in parallel over the circuit with no resistance 
in, each motor working therefore on the full lino pi'ossurc. 
The use of intermediate contacts is to give other speeds at 
which economical working is possible, that is to say, working 
with no resistance in series, and also transition points for 
use just when changing from series to parallel. Two other 
such points are obtained by shunting the field, that is, by 
diverting some of the main current away from the sorios 
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coils and weakening the field. This can be done in the 
series grouping, when running slow, in order to raise the 
speed sonaewhat, or in the parallel grouping to get full 
speed. In each case it of course increases the speed, since 
the motor must go faster in order to develop the requisite 
back E. M. F. under a weaker field. 

Where a car has four motors they may be either per- 
manently coupled in two pairs, each pair in parallel, and 
the pair treated as one motor for purposes ot control, or 
they may be provided with connections and controlling gear 
for all possible combinations — 4 series, — 2 parallel 2 series,— 
4 parallel. Great variations of speed can by the last method 
be obtained, as in cases for instance where lines run out 
from a town into the country, so that there is no necessity to 
keep within the usual low maximum rate. 

The “ K” controller of the General Electric Company of 
America is one of the most widely -used patterns, and the 
various combinations (see figure 45^ effected by this are as 
follows : — 

(1) Motors in series and all resistance in circuit. 

(2) Ditto and half resistance in circuit. 

( 3) Ditto and all resistance cut out, 

(4) Ditto and shunt across field. 

(5) Same as position (2). 

(^6) One motor cut out, the other in scries with half 
the resistance. 

(7) Same as (6). 

(8; Motors in parallel with half resistance in series. 

(9^ Ditto with no resistance in series. 

(10) Ditto with shunt across field. 
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Figure 46.— Diagram of effect of controller on motor connections. 


Several of these positions are merely what is known as 
graduating, and are only used momentarily. The economical 
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points are— No. 3 (dead slow), No. 4, No. 0, and No. 10 
(full speed). 

The cylinder plates and contacts of controllors arc inado 
of thick iron stampings ; the resistance, which is sopiirato, is of 
iron ribbon. There is a I'eversing SAvitch on llio controller, 
worked by a separate handle, which is interlockod, so that it 
can only bo nsed when the controller is at the oil’ position. 
The emergency broke is also worked olf the same luiiullo. 
Switches are generally provided for cutting out either motor 
if one should be disabled. The arc which wouhl naturally 
form on breaking the circuit and at tho various chungos is 
extinguished by a maguotio blow out, as in tho case of many 
lightning arrestors. 

In a sorios of tests inado undor idoutical oonilitioiis m 
the United States, it was found that on a car with rheostatic 
control the mean starting current was over double Unit on a 
sericS'ijarallol controlled car — ^73 ampbros against 32 ; tho 
maximum current was 120 ampbros against H;>, aiul tho 
Board-of -Trade units consumed per car-mile, at idoutical 
speeds, 1‘50 against TOl. Now all tho points count heavily 
on linos where there are manj starts and stojis. If tlio units 
used are half as high again as thoy ought to bo the coal 
bills will show it boyond doubt, and if the inaxinium current 
is far higher than it need be, there will noco.Hsarily he mon- 
plant in the central station to ini'ut that demand and larger 
looders. Tho diagram (figure 4(1), which I liavo taken from 
Dawson’s work, shows well tho nature of the starling curves 
with both methods, and tho groat oconomy of the modoni 
controller over the older rheostat. 



Figure 40.-*8tartlhg ourvos, rheostatic and eorles-paraliel conti ol. 
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Brakes . — There are many different types of braises in 
USB; and as a general rule two distinct kinds at least are fixed 
on each car. Of main varieties there are three — the wheel- 
brake, the track-brake, and the electrical brake ; the two 
former including hand, mechanical, and electric brakes of 
considerable variety. There are two distinct uses of the 
brake ; to retard a car on an incline so as to keep the 
speed within safe limits, and to stop the car either to 
avert an accident or to allow passengers to alight. In 
both cases a considerable amount of commonserise, judg- 
ment, and alertness is required on the part of the driver, 
and an efficient brake alone is insufficient. There is no 
best brake at present, though there are many g<iod ones, 
and accidents through inefficient brakes or brakehmen have 
not been uncommon in recent years. With wlieel-brakrs 
the greatest effect is obtained just before skidding occurs, 
but once the wheel *is held altogether the brake becomes use- 
less and must be slackened off and applied afresh ; and 
should this occur frequently, flats on the wheel result. This 
is very liable to occur when there is a light sludge of wet 
dust on the rails, and sanding is then necessary. 

Rim brake shoes wear out rapidly, or else v/ear away the 
wheels, which is worse ; and they need constant examination 
to keep them efficient, though they are the most used. Track 
brakes act direct on the rails, or in the case of very steep 
gradients on a special rail laid between them, and they are 
entirely independent of the revolution of the wheels : in fact, 
where track brakes are used, they somewhat interfere with the 
use of the other brakes, as a great deal of weight is taken off 
the wheols One of the great disadvantages of the hand -brake 
is the time taken to apply it, for a car going at iO miles 
an hour travels far enough in a single second to make a lot 
of difforence in an cmergoiiey. The action of the hand-brake 
is simply to press a brake shoe on the wheel or a shpper on 
the track, which may also be done, and much more rapidly, 
pneumatically or electrically. 

An electric brake proper may act in one of two ways ; 
either the action of the controller, after cutting off the 
line current, may connect the motor up as a generator 
and catiso it to retard the car by dissipating the energy 
generated through resistance coils and the motor itself, 
or, in addition, there may be a magnetic frictional disc 
brake such as is often used on ordinary motors. In this last 
case the retardation is due to three separate effects, namely 
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that due to the motors acting as gencratfu’s, tho momentum 
of the oar supplying the power to drive them, the friction 
of the brake disc, and the drag duo to fouoault currents 
owing to the revolution in tho intense field of the brake shoe. 
This is all quite independent of tho lint^ current, for the 
brake only comes on when tho lino current is oil, and tlie 
regulation in the braking is effected by altering the resis- 
tance in the brake circuit. On lioavy grades tlio oloctrio 
brake has one disadvantage, namely that when it has stopped 
the car the generators ceaso to give out current and tho 
brake ceases to act, so the other brakes must bo list’d to hold it. 
In addition to all other forms the omorgonoy brake is nearly 
always part of tho car oquipmont, and its clfoe.t is to short- 
circuit tlie motors (acting as gonoratora) altogether. Its 
action is therefore violent, and oven if tho track is being 
sanded, there is a great chance of the wheels skidding with 
such a violent pull up and also of tho motors being damaged. 


LECTURE IV. 

POWBR-STAXIOH AND Q-ENBRAt NoTEB. 

—It is not necessary for me to go into the 
question of buildings, important though it be. It is essential 
out here, even more than in more temperate oHmates, that 
the buildings be substantial and storm-proof, and that the 
power-station be roomy and lofty, well lighted, and venti- 
lated, with proper facilities for erecting or dismantling the 
plant and moving it about, if necessary, for repairs. In order 
to reduce the great heat on the switchboard gallery, this has, 
in a new lighting station now being erected in Alipore, been 
shut off from the engine-room by a glazed partition, which, 
in the interest of the switchboard attendants, might with 
advantage be done in all cases. 

The foundations for the machinery are of the utmost 
importance where they have to be built on little more 
than mud, as is the case in this district. Cases are not 
unknown where buildings have been begun on an insuffi- 
cient foundation and have had to be finished o£E before 
tho completion of the design, owing to settling taking 
place. With machinery this would be an even more serious 
matter, owing to tho strains that would be set up if the 
bedding became uneven. Foundations for engines and 
generators, even when not directly coupled, are generally 
built in a single block, but always entirely separate from the 
foundations of the building. 

Other buildings required are spacious car sheds, arranged 
with a number of parallel lines of track, each with its over- 
head equipment for bringing in the cars, the ^ lines being 
generally arranged to slope enough to^ make it a simple 
matter to run all the cars out by gravity in case of fire. Pits 
run along between the tracks, from which inspection of the 
trucks and motors can bo made and repairs effected. It 
follows therefore that excellent lighting is the chief essential 
of these sheds, and they are usually built with the same sort 
of roof as is gonoral in modern factories, of 
shape with the short leg glazed. 

The size of the power-house depends ultimately on. the 
number of oars in the system, and the larger the number 
the smaller need the allowance of power be per oar. This 
follows because with only a very few cars if two or more 
happen to start simultaneously, the result is perhaps to 
douWo the output, whereas with mor® (jars the same event 
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would have proportionately less e£Eect. The two tables 
folJowiner are given by Dawson, the first giving the actual 
number of oars required under given conditions of speed 
and headway, and the second the power required at the 
power house per car with varying numbers of cars : — 

Numhcr of cars on ten miles of track. 


Avertige speed in miles per hour. 


headway 

0 

7 

8 
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15 
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26 
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aj 
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4 
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3 

2 
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6 

4 

4 

8 
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30 

3 

8 

3 
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a 

2 

1 

1 

1 
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Approximate indicated horse-potoer at power-station per car for various 


Obts. 

numhen ofeara^ 

Iiirtlcalod linrse-powcr 

1 to 6 


per ofu . 

35 

5 „ 10 

• • • ■ ■ 

30 

10 „ 15 

t • ■ 

... 26 

16 26 

is* • * 4 

... 20 

26 1, 60 

... 

... 16 

There are often 

great diflSculties about obtaining 


for generating stations in suitable positions, especially in 
England. There it has been I’ecommended to alter the law 
and allow compulsory acquisition of land for the purpose, 
but this has not as yet been done. Here I understand that 
that procedure is already permissible, though I am bound to 
say that there is a wide gulf between the fact and inducing 
the authorities to act on it in the interests of a company as 
against a private owner. The technical reasons are naturally 
not understood, and the fact that the public ultimately 
have to pay in the form of higher prices or rates is not 
realized. The position most desirable electrically for a 
power-station is at the distributing centre of the lines to be 
run but conditions of coal and water-supply may often render 
this untenable. The Calcutta tramway power-station is on 
the extreme outside of the area supplied. 
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EngineSt — The steam-engine is the prime mover in the 
great majority of tramway power-stations at present. It is 
not improbable that gas-engines may later on be used to 
some extent in places where gas is cheap, as large power- 
engines of this class are now practicable. I recently saw 
one of 1,000 I. H. P. driving the main generator for elec- 
trically-driven shops in G-ermany, and it left nothing to 
bo desired. Water-power also will have its innings soon, 
and does already work many systems, but we must pass over 
this which involves also the whole question of transmission 
of power. 

In the United States belt-driven sets have generally been 
employed, partly with the idea of reducing the shock to the 
engines by interposing the more or less elastic coupling ; 
in Germany large, slow-speed direct-coupled units are most 
common ; while in England the high-speed direct-coupled set 
is by far the most popular. All engines for traction work 
have to be constructed to stand a considerable amount of 
jar and shock without damage, and to have extremely small 
variation in speed under great and sudden variations in 
load. The amount of variation either in the speed or in the 
angular velocity during the single stroke is of the greatest im- 
portance, except where shunt-wound machines and batteries 
are used. It is the practice in most stations to use compound- 
wound machines working in parallel, and with these steady 
speed is almost as essential as in the parallel running of 
alternators or polyphase generators. The usual specification 
is to allow a variation of not more than 2 per cent, in speed 
when the normal load is thrown suddenly off, and in some 
cases orl;^ per cent, has even been specified and worked up 
to, while the variation of angular velocity should not exceed ^ 
per cent. In addition to the ordinary governor, it is custom- 
aiy to provide slow-running engines for traction work with 
an emergency governor, which is adjusted to completely 
cut ofi the steam if speed increases more than about 10 per 
cent. This is a necessary precaution in view of tho fact that 
the ordinary governor may fail to act through careless 
adjustment or accident, and that in such cases the result may 
be a burst fly-wheel. It will be remembered that this 
occurred in a mill about a mile from this College some few 
years ago with very serious results. 

It was once customary to provide an almost complete 
duplicate plant as a reserve against breakdown ; but as ex- 
perience has been accumulated and design improved, this has 
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beenfound quite unnecessary in the majority of cases, The 
use of units of macy different sizes is also obsolete, and the 
most economical unit is now decided on and used through- 
out, one spare set or unit being kept in reserve, Dawson 
gives the following table showing the plant required in 
various cases : — 


MaximTun 

po\ver, 

r H p . 

Number 

of 

engines. 

Power of each 
engiuo. 

I, P. 

200 

2 

200 

400 

3 

200 

600 

8 

300 

1,000 

3 

600 

1,600 

4 

600 

2,000 

4 

760 

6,000 

6 

1,000 

10,000 

6 

2,000 

20,000 

6 

4,000 

40,000 

0 

6,000 

60,00u 

11 

6,000 

90,000 

10 

10,000 


The power dealt with in this table is the maximum 
required. Owing to the variable nature of tlie work, 
number and load of cars, etc., the average power required is 
about two-thirds of the maximum steady load, and it is at 
this average output, which may be even lower in small plaJits, 
that the plant should work most economically. It is usual 
to arrange therefore that the average output is obtained at 
the most economical cut-o:S, but that the engine shall bo able 
to give one-third more power without strain or damage at 
the uneconomical maximum cut-off. But oven the ordinary 
maximum steady load does not represent the utmost that 
may be demanded, for in case of a number of cars start- 
ing at once, or of short circuits, very severe momentary 
calls may be made on the plant, These are taken up by 
the fly-wheels, which are built extra heavy and oapablo of 
taking up these sudden loads without slowing down more 
than the allowable amount. 

Steam and Coal consumption . — The steam consumption of 
engines varies within very wide limits. It is safe to assume 
that only unusually bs^d engines will exceed 40 lbs. of steam 
per indicated horse-power per hour for non-condensing simple 



ELECTRIC TRACTION. 


71 


engines, 30 lbs. for condensing engines, and 22 lbs. for com- 
pound engines with fii'st-class designs. Non-condensing 25 
lbs., condensing 18 lbs., compound 16 lbs., triple expansion 
13^ lbs. are satisfactory figm’es. Exceptional results as low 
as 10 lbs. has been reached; Willans, Sulzer, and Allis triple- 
expansion engines, representing tlie best practice of England, 
Germany, and the United States, have consumption varying 
from 11^ to l2-a" lbs. Generally speaking, the advantage of 
condensing is taken as about 25 per cent., and superheating 
also effects considerable economy. 

Coal consumption per indicated horse-power per hour 
varies from as low (exceptionally) as 1;^ lbs. with triple- 
expansion engines, 1^ lbs. with compound, 2 lbs. with 
simple condensing, and 3 lbs. non-condensing, but 7 lbs. 
and more is not unusual. When so much depends on the 
design of the engine, the pattern of the boiler, the quality 
of tlie coal, and the skill of the stoker or the good working 
of the mechanical stoker, it is not possible to lay down any 
hard-and-first rule. 

Boilers . — Of boilers, the water-tube and Lancashire in 
many forms are mainlj^ used in England, while vertical 
boilers find great favour in the United States. For a steady 
load the horizontal Lancashire boiler, consisting of a long 
cylinder tra,verscd by two parallel flues, with or without 
cross-tubes, is both the simplest and the best. In this type 
the heated gases, after traversing the two flues, travel up the 
boiler and back again on the outside of tho shell, either by 
diverging at the far end, travelling along the bricked flues 
at tho side of the boilor, and then joining and returning 
underneath, or by joining together in tho first instance at 
the back end and then at that point bifurcating along the 
sides before meeting on tho way to the chimnoy stack. ]3ut 
a Lancashire boilor cannot be made to steam up in a hurry, 
and it is bad to attempt it, as with such a large moss of 
water to heat tho result is great differences of tomporaturo in 
different parts of the shell, unequal expansion, straii^s and 
leakage. ^ Nor, again, is it possible to force them much^bove 
theix ordinary working limits. Both these points militate 
a^inst their exclusive use, though for more in lighting work, 
where sudden fog loads come on, than in traction. 

no doubt that tho Babcock 
and Wilcox is more used than any other in England, both 
for lighting and traction work. In this type the furnaces 
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heat up a large number of wnter-tubos placod on a slant 
upwards from the back, connected together front and back, 
and communicating with a drum over the top of them. 
Obviously with such an arrangement there is an onoMnonsly 
rapid circulation of water and generation of stoam, and there 
is so much less absolute rigidity in the whole structure and 
so much smaller a volume of water that it^ is quite safe 
and allowable to get up steam in as few minutes as it can 
be done and to force the boiler considerably. 

Mechanical stokers are gradually ousting hand-stokers, 
though no one type is a standard yot. 13oth the reciprocat- 
ing bar type or the continuous band stoker, a sort of lloxiblo, 
slowly-revolving set of fire-bars, may bo found sido by side. 
Whatever boilers are used it is the almost invariable practice 
to use economisers, and the various otlmr accossory roqiiii’o- 
ments of the boiler-house do not differ* from those in the 
case of any other steam-using indusiry, while tlio aetual 
apparatus used varies just as much. Labour-saving and 
waste-heat saving appliances when cnvofully solocted and 
carefully used are always an aid to economy. 

Generators . — Whether required for oloclric lighting or for 
traction work, it is always true economy to get tho very best 
dynamos in the market, but there are certain points in which 
traction requirements differ to some extout from those for 
lighting, and special lines have boon sti’uek out by manufac- 
turers in each case. In considering the traction dynamo tho 
first point to be noted is that it must be of grout moohanical 
strength to resist shocks of all sorts. It is the universal 
practice to use toothed or slotted cores, tho conductors being 
imbedded in the core, and therefore having no chance of 
slipping round, as would sometimes bo the case if driving 
pegs (as^ used on a smooth core) woi*o to bo depended on. 
Drum-winding too has almost entirely suporsodnd ring- 
winding; its one disadvantage was tho higlicr insulation 
required on account of adjoining coils having tho full 
difierence ^ of potential betwoon them, and that is any way 
necessary in dynamos that have to always run with one 
pole earthed. The insulation is gonorally tested very 
severely by the application of an altornoting E.M.F, of 2,500 
or even 5,000 volts. In winding these armatures tho almost 
invariable practice at present is to build up comjilcto armature 
sections by winding them on a prepared former or tomplato 
to the requisite number of turns, brought exactly to shape 
and then tied up, taped, varnished, and well baked ; those 
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sections being then put on the core, where each one exactly 
fits and fills up its place. Such a method of winding is 
little, if at all, more expensive in first cost, while offering 
far greater facilities for repairs. For further mechanical 
protection the top of the grooves is sometimes tilled in with 
wood strips. It is thus possible to reduce the au* gaps to 
extremely small widths, as far in fact as can bo done with- 
out risk of contact from wearing down of the bearings ; 
but the pole pieces must then be laminated and shaped I 

with a view to reducing sparking to a negligible amount. 

It is obviously impossible to shift tho brushes of each 

machine with such a completely unsteady load, but tho 

field windings are arranged to give an extremely strong 

field and practically nullify the effect of the armature 

reaction, rendering any shift unnecessary. Of courso coi'bon 

brushes are as essential as they are on motors ; thoir 

contact resistance is far higher than that of copper brushes, 

in fact about 10 times as great, which involves larger 

brush area and commutator. It is usual to allow not more 

than 30 amperes per square inch of contact as the maximum 

at full load, emergencies excepted. To conduce to spark- | 

less running, the commutator has many segments, in order 

to reduce tho difforonco of potential between adjoining 

ones, and the carbon brushes have to bo cai-efully boddod i 

down to the right curvature. 

Tho load is so variable, and overloads ai'e so frequent, 
that generators must be designed to run very cool, and the 
rise of temperature allowablo in cold countries should bo 
reduced where tho normal temperature of the air is very i 

high. To assist in kooping macliinos cool, tho cox*e is built ' 

to allow ventilation through special ducts left at intervals, j 

and heating in the core itself by foucault and eddy currents 
is provided against by carefully insulating each disc and 
avoiding tho use of through bolts, which would destroy 
the effect of tlio complctonoss of tho lamination. Largo bear- 
ing surfaces are also essential to avoid heating of the Journals, ' 

and possible stojxpngo from that cause. | 

Traction generators are built on very ample lines for I 

their rated capacity, which is generally estimated on tho 
normal load, since they havo to stand both prolonged over- | 

loading and great temporary fluctuations of load above ' 

normal. American manufacturers allow for an overload of I 

25 per cent, above tho rating for two hours without unduo 
heating, and for momontaiy overloads up to 50 per cent. • 

u 
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excess without shifting the brushes or injurious Hparhing. 
The usual pressure on the line is 600 volts, which is tho 
maximum allowed by the rules, so that feeders have to bo 
supplied at from 500 to 650, or even 600 volts. 

Where batteries are used, the genoratois arc shunt- 
wound, _ and the regulating arrangements are hiiniluv to 
those in lighting stations on tho same system. Jn many 
English stations they are so used and they have tho oJl’o(!t oi 
enormously reducing the strain on tho plant duo to sudden 
overloads, converting a peaked and hilly cuvvo into comj)ara- 
tive smoothness. In the United States batteries nro little 
used, and the generators are compound wound and over- 
compounded to give tho required no-load and 1‘ull-load 
volts. The use of these ovor-conif)oundo(] gonoiadors is 
spreading rapidly in England at tho present tiino. Tho 
employment of them in parallel is not such an entirely 
straightforward matter as with shunt machines j if is nocpsh 
sary for the macliinos to have approximately similar 
characteristics, and care has to bo taken to see that the 
machines divide up the load properly. In addition to tho 
ordinary connections an “equalising circuit” is noocssary 
a low-resistance lead betwooii tho positive polos of ali 
ttie machines, with equalising switches to make tho coaiuiction 
in each case While the ordinary regulation is ciniod out 
py means of the shunt rosistaucos, any necessary variation 
m the overcompounding can bo eHectod by tho use of a shunt 
placed across the series magnet coils, which offers an altorna- 
tive path to the current. 
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Switch-hoards , — The making of oloctrio traction main 
switch-boards has now become to a large extent standar- 
dised, panels of various capacities being built up and the 
required number assembled for any parlicular piece of work. 
There are separate generator panels and ft3oder jianols, and 
only in small installations are these arranged in combination. 
In any case a “ Board of Trade panel ” is provided to carry 
the various instruments called for by the rules. Slate or 
marble is used for switchboaid work, freedom from flaws and 
metallic veins being essential. All instruments and appara- 
tus is put in front, and all connections are made at the back. 
In the great majority of tramway stations I have visited, the 
Weston typo of instruments are used; they are deadbeat and 
have an evenly-divided scale, which is greatly in their favour. 

On generator panels there will bo a quick break -switch 
on each pole and also a magnetic circuit-breaker for excess 
current, placed between the main switch on the negative 
pole of tlie genca’ator and the bus bar, that is on tho polo 
which goes to tho rails. In the usual form this consists 
of a switch held locked by a catch, which will bn released 
if tho current in a solenoid increases beyond certain limits. 
In that case the switch opens and the actual break occurs at 
a subsidiary switch, whoso working point is in the field of 
a magnet powerful enough to extinguish tho arc formed. 
I’he amp&romotor used for this work must be capable of 
showing the highest current attainable by tho generator, not 
just its normal full load. In tho caso of using compound- 
wound generators the equalising switches aro as a rule on 
separate pillars near tho machines, and not on tho generator 
panels. In these cases also there is a vaiiablo shunt ov(3r tho 
series coil, capable of varying its current and regulating the 
over-compounding. There will be a shunt rcsistauce also to 
bring the machine down to about 300 volts, and a blmut-broak- 
ing coil to take tho spark and prevent tho burning out of tho 
coils. A voltmeter and a recording wattmeter aro also part 
of the equipment, tho latter being tho only way of really 
telling what amount of energy is being used on so variable 
a circuit. Tho ordinary amphre-hour meter of central light- 
ing stations is sufficient only when (as there) tho avoi'ago 
pressure is obtainable from the voltmeter readings, which 
are regular and uniform as the load rises and falls in n 
manner capable of almost accurate prediction. 

I have already described one form of lightning arrestor 
considerably used in traction work, but I may here mention 
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another form which ia of great nflo in <!onutries liku Intliji 
where thunderstorms are frequent and violent tii certain 
seasons. I refer to the tank nrrostor, wlnwo function is to 
permanently earth one polo (or in electric lighiin^jT work hot)» 
poles) through fairly nigh resistance. Sucli an urrt'Htcr is 
only put in circuit on the approach of a storm, nnil <luring 
that time will cause a leakage of perhaps ‘,>0 iini|i('ioH, 
Should a discharge occur, it goe.s atniight to ciirtli lliron^h 
the water in the tank. Iliad such arrostcr.'n put up in Vice- 
regal Lodge, Simla, whore I boliovo they Imvo acted well. 
The Siemens horned arrestor, with or without a ninj^iiotic 
blow-out, and the Garton-Laniel aro also largtd}’ in 
traction work. 


On the feeder panels each foodor i.s brought up to a 
circuit-breaker, as before, to open in case of cxconn ourronl 
as for instance a heavy short dreuit on the lino. Often a.s a 
preoautionaiy measure an earthing switrdi is placed on eaoli 
car, capable of putting tlie lino dii-oct to the trut'k and rails 
incase of an accident likely to endanger tlio jiublic, so tliut the 
feeder circuit-breaker will open and cut off the lino. It is 
a general rule in stations to close tlio circuit-hreakor throe 
times in succession, and if it still opens tlio attondunt knows 
there is something seriously amiss, and takivs sfepa fo put tlio 
repair gang in motion. Fuses aro only occasionally used, 
where the current is small, since they givo more trouble 
in replacing. ^ Quick break-switches control each feeder, an 
amperemeter is in circuit, and often a wnttiuoter also, as in 
tne case of the generator panolsr 

Board of Tnxdo PaneV' This is a special 

designed, and is always used, to show 
that the conditions required by the Hoard of Trade rules are 



tip. 'J’hero is II recording 

is to moasuro the current 
J+ linn ^ ^stead of by tlio rail return proper. 

flwitchea to two imlopondent 
reading is also a very low 

from Ime tn IB usod to nioasuro tho leakage 

scales are nro'i^iln?^ stopped running. Two 

-i- to2 amSr.? ?! instrumoiit will ri‘ad eitlSor from 

8u to2ampferes,orfrom i to 10 amp&ros (rule G2}. Then 
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there is a recording voltmeter reading from 0 to 10 volts for 
taking the drop in pressure on the rail return (rule 69). 
There is a polarised anip6rcineter to show the direction of 
the current at the earth plates, and arrangements are made 
for testing tlie resistance between the earth plates (rule 57). 



Pleura 4B.~Boarc) of Trade testing; panel* 

Having now surveyed the whole field of electric tramways 
superficially, but to such an extent as has been possible in 
the time at my disposal, I will turn to a number of points 
which have so far received insufficient notice. 
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General notes, 

Power and acceleration , — The power requirocl to run ii 
given, oar depends on several factors: tlio rolling weight 
and speed, the condition of the track, who! her straight or 
curved, clean or dirty, the gradient, tho windage, llio 
friction of the bearings, tho ofBcieticy.^ On any given 
gradient the tractive eSoit required to give any constant 
speed varies directly os the weight of ^ tho car.^ As the 
gradient becomes steeper, so does tlie required tractive effort 
or pull increase in order to maintain any given spocrl. The 
brake horse-power, again, varies directly with the speed. 
When acceleration is taking place, tho power required is of 
course proportionately greater than at a steady speed, and tho 
effect may be expressed as though the gradient wore inoroas- 
ed. Thus an acceleration of 1-fool-por second j)or second 
requires the same effort as an additional 3*1 jior cent, gradient. 
This rate of acceleration produces a speed of 10 miles an 
hour from rest in about 15 seconds, than which far more is 
obtainable by electric traction; in fact 25 miles an liour can 
be attained in 10 seconds on electric railways in practice, 
which is about as great as the comfort of passengers 
allows. Such acceleration cannot be approached by steam 
locomoties, which is one reason among many why electricity 
is so vastly superior for traffic requiring quick runs and 
constant stoppages. 

I would call your attention to the very handy series of 
diagrams of tramway tractive effort and power by Mr. 
A. G. Hansard, published in the JEleotrieian for October 
11th, 1901, from which estimates can very rapidly bo made 
under the most varying conditions by simple inspection. 
A small portion of the magram is here roproducod to show 
its scope (see Plate II). Thus a car weighing 0 tons requires 
a drawbar pull of 180 lbs. on tho level, and for a speed of 
6f miles per hour requires 2*8 brake horse-power, or 5 
amphres at 600 volts, assuming 80 por cent, efficiency in the 
car equipment. The same oar on a gradient of 1 in 275 
requires a drawbar pull of 260 lbs., and requires the same 
power at a speed of 4 miles an hour, and so on. 

In any given system it in necessary to make careful cal- 
culations as to the average and maximum power roqurred. 
I have already mentioned this in previous lectures, giving 
both some formulse (on which probably these diagrams aie 
based) and also rough figures as to the approximate amphres 
required per car at 500 volts. These rough estimates would 
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of course only serve in the first stages of tho work. It is 
here that these diagrams como in to save a great deal of 
labour; for the number of oars, speed and lioudway being 
determined, they can bo plotted on a map showing the 
gradients, and the power required for each section cun bo 
worked out rapidly as well as the current in tho foodors. 

Speed.—ThQ speed actually allowed varies poatly accord- 
ing to the locality, length of runs, and cmuUtions imposed 
for the safety of the public. Railways aro proposed both in 
England and Germany for spoods of 100 miles an hour and 
upwards, for covering tho distance botwoon towns quickly 
and without intermediate stops, and in tho latter country 
the cars of an oxporimontal line wore actually shown to 
a number of electrical ongincors, including myself, wlio wore 
over there last year. For a railway dealing with local 
traffic and stations fahdy close together, about 30 miles an 
hour is the economical limit ; where tho public have access to 
the lines in towns, as on a tramway, about 10 miles an liour 
is the highest which can safely bo counted on, though in 
America the cars often run two or three times as fast. Tho 
quickness of a service depends on 4 factors— rapid accielora- 
tion, speed of running, rapid retardation, and duration of 
stops. Tho latter item counts for a groat dual whore stops 
are frequent, and a second or two is generally sutlicient on 
tramways. On tho Central London Electric lluilnay tho 
trains olten stop no more than 9 seconds, oven dealing with 
heavy traffic and many passengers. This all tends towards 
an efficient and economical service. 

Boosting . — The use of motor-goneratora or boosters in 
electric-traction work is twofold ; they may he used in tho 
ordinary way in series with the foodors or lino, transnulirig 
the full cureent and adding to the pressure, or they may bo 
used negatively, to Cso to speak) suok tho cuiTout buck from 
the rail circuit at distant points on Iho system, and thus 
reduce the fall of potential on tlie imiueulatod part to proper 
limits (sea figure 49). 

For example, a return or negative foodur will ho run 
from a large meeting place of many tracks, and thoro 
connected to all the rails. Naturally tho return current will 
go back to the station largely by that feeder in proforonco 
to the higher resistance rails. But if there is a generator 
(motor driven) connected in tho power station between tbo 
negative bus bar and tho end of tliis feeder in such a way 
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as to force a heavy current back along the feeder, the 
current there has no option ! It is equivalent to greatly 
reducing the resistance (or increasing the conductivity) of 
the return circuit and feeder. 





to line 


49.^Negat|ve Booster conneotlons 

You can compare this "with the boosting arrangement in 
use on the 3- wire lighting system in Calcutta. Owing to 
various causes, some of which are peculiar to the country, that 
system gets out of balance very considerably, rendering some 
regulation on the distributing network imperative. This is 
obtained by motor generators, which add load to the lightly- 
loaded side of the system while taking it up on the heavily- 
loaded side. In that case the shunt field of each machine is 
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excited from the opposite side of the system to its armature, 
and series winding thus rendering the airangeinont automatic. 



Figure 50.— Automatic Booatera on lighting system In Calcutta. 

Elecirolysis. — Tn the case of fraction pircuits it is with a 
view to preventing damage to underground metallic pipes 
and ^ structures that negative boosting is employed. In 
dealing with the track and bonding of rails I drew attention 
to the rule prohibiting a greater difference of potential than 
7 volts on the return, rendering large rails and good bonding 
necessary, and sometimes negative boosting and return-feeders 
also. Neglect of any precautions of this sort have caused 
gi’eat troubles in early days, since a small difPorenco of 
potential will cause electrolysis in the presence of salts 
(especially chlorides) in the soil. The sm'face of rail which 
is in contact with the ground is very large indeed, and 
when, owing to the nature of the salts in it and the amount 
of moisture present, there is good conductivity, a largo 
amount of leakage may take place with comparatively low 
difference of potential. When there are gas or water-pipos 
in the neighbourhood, there is always a danger of corroding 
them if proper precautions are not taken ; and since electric 
traction had its early struggles chiefly iu America, it is 
there that most trouble was met on this account. A drop on 
the return of 30 or 40 volts was once no uncommon thing 
there, since the rails alone and unbonded were used^ and tho 
greater part of the cun'ent actually returned through earth 
and the gas and water-pipes, to the detriment of these. It 
was only when the disastrous effects of this false economy 
were realized that the matter was properly investigated and 
the remedy applied. 

In order to eliminate damage to pipes where an earthed 
return” is used, it is essential that the return be negative; 
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it is also essential that the supplementary uninsulated return- 
conductor (if any) be laid close to the rails and cross-bonded 
to them at frequent intervals; but supplementary wires of 
this sort are now considered as practically useless. It is better 
to spend the copper on proper bonding and return-feeders. 
In discussing the rules presently I shall return to this point. 

Of course it stands co reason that all damaged pipes are 
now debited to the nearest electric tramway ; but as a 
matter of fact there is much evidence that they are not alone 
to blame. Many eases have been found where the pipes 
were damaged by chemical action of salts in the ground, 
unaided by oloctricity at all. But where an earth return is 
used this action will no doubt be hastened, and in some 
cases damage will be done indirectly by the chemicals 
formed, in the ground, from the action of the current on the 
salts present, and not by direct electrolysis of the metal. 

Interference , — Another effect of the introduction of electric 
traction is that telephones, telegraphs, electric signalling 
apparatus, and magnetic instruments may be injuiiously 
affected in their working. Of course this is not the case 
with the accumulator system; and with the use of a complete 
insulated metallic return, properly constructed, there is also 
no trouble. But unfortunately these systems of traction are 
altogether at a discount. As regards the last point, when the 
first electric railway started in London, the magnetic in- 
struments at Greenwich Observatory were seriously affected; 
BO much so that it practically became impossible to tell what 
fluctuations were due to terrestrial magnetism and what to 
the working of the line. As a consequence some rules were 
drawn up to minimize their interference as far as possible, 
though the only certain remedy is to locate the observatories 
far out of the way of any existing or prospective railway and. 
in a place whore none is likely to be required. This was 
the recommendation of a Committee that considered the 
point in Calcutta last year, and they suggested 20 miles as 
a safe distance. 

In the case of telephones using the earth as a return, if 
the telephone lines ai’e run parallol to the tramway to any 
considerable extent those lines are affected, unless at con- 
siderable distance, say 200 yards or more. The slight 
breaks, on line and return in the collecting gear or wheels 
causes buzzing in the tolepboues owing to induction, and 
renders it impossible to hear properly ; a short circuit will 
cause all the indicators in the exchange to fall and will make 
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working impossible. The remedy lies with both parties 
to a certain extent. The smoother the collection of the 
current and the better the construction, the less trouble there 
will be from induction and leakage } and by diverting the 
telephone lines out of parallelism or removing them t,o a 
distance, the effect can be still further reduced, so the tram- 
way companies often arrange to do this. On the other 
hand, no trouble at all will be experienced where the tele- 
phones use a complete and twisted metallic circuit, as this 
will be equally unaffected by induction or leakage ; such a 
system, too, is far preferable in every other way, and all mod- 
em telephone systems are so arranged. The one disadvan- 
tage, apart*from cost, is the extra number of wires involved, 
sruce it is almost essential they should go overhead out hove — 
underground mains of all sorts have so far proved a distinct 
failure in Calcutta at least, though we hope for better results. 

In this connection I give an extract from an interesting 
paper written for the Calcutta section of the Institution of 
Electrical Engineers by Mr. Rebeiro, Electrician to the Eastern 
Extension Telegraph Company at Madras, who investigated 
the subject on behalf of the Bengal Telephone Company ; — 

‘In May 1896, 1 was requested by the Agent of the Oriental 
‘ Telephone and Eleotrio Oompany to aBsisb at the invoatigalion that 
‘was oeing made into the subject of interferenoo with tolophonio 

* oommunioation by tramway currents. I reported to the Agent os 
‘ follows : — 

‘ “The trunk lines between the Central and Mount Boad 
‘ “Ezohanges and two other lines, all of which run parallel with the 
‘ “ tramway for some distance were reported to be alFeoW as follows : — 

“ ‘ (1) When tramooxs were in motion, a rasping and a humming 
‘ “sound was heard in the receivers, at times so groat as to render 

* “ oonversations impraotioable. 

“ ‘ (2) V7hen short-oirouits ooonrred on the tramway lines, all the 
‘ “indioatois in connection with the above mentioned lines dropped. If 

* "a receiver were in oircuit at the time, a sharp noise was heard. ’ 

“ ‘In order to determine whether these effects were due to leakage, 

‘ “induction or earth disturbance, the following experiments were 
‘ “made at the Oentral Exchange:'— 

“ ‘ The lines were tested for insulation, and all except one were found 

* “to be exceedingly good. 

‘‘ ‘ One of the affected lines was made to form part of a motollio 
‘ “circuit, the other part being far removed. 

“‘This was done by means of a temporary line oonneoiing the 
‘ “ affeoted one with another line from the exohange passing some 

* “ distance away. The sounds produoed in receiver showed that the 

‘ “ effects were apparently undinunished. The proved that that part 
‘ “ of the metaUio ciroait which ran parallel with the tramway was 
‘ “affeoted by induction. ^ 
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* “ When a metallic oirouit was formed of two of the affected lines,. 
‘ all disturbance ceased, 

* “ By a temporary arrangement, the two exchanges were connected 
“ by a line which in no part wos parallel or nearly parallel with, the 
“tramway, the oirouit being completed through ^ earth/ No 
“ sound was audible in the receiver when cars were iu motion, but 
“ a shorfc-ou'ouit on the tramway linos caused a momentary oiuTent 
“ sufficient to ring the bell or drop the indicator, showing that some 
“ effect was also due to ‘ earth * disturbances. 

* “ If by any means, the ouiTeiit taken by moving cars could be render- 
“ ed more uniform, the induction on the telephone lines would be sensib- 
“ ly reduced, and conversation would perhaps be possible. Failing this, 
“ the remed es are motollio oirouits, or diversion of the t eh phone hues. 

‘ “ The first of these is certainly effectual, but would introduce certain 
“ com plications, and fiuanoially affect future business of the Company. 

* “ Diversion of the telephone lines would probably bo less expen- 
“flive, but would not effectually guard against di’Oppmg of indicators 
“ or ringing of bells when short-circuits occur on the tramway lines. 
“It is, however, os much to tlio iutoreat of the Tramway Oorapany as 
“to that of the Telephone Company that these short-oirouita should 
“ cease altogether,’ ” 

“ In November following, when the No. 2 Section, overhead 
* system, was completed, further experiments were carried out. The 
‘ following is a copy of my report: — 

‘ “ The section of tramway to be worked on the overhead syst^ 
“being nearly completed, it was decided to experiment, with a view 
“ to ascertain whether the telephouo hues will bo subject to disturbance 
“ by induction from tho overhead system. 

‘ “ The lines between the Central and Mount Road Telephone 
“Exchanges nm parallel with the conduit section of the tramway for 
“ a distance of about a mile and a half, and with tho overhead section 
“for a distance of about five liundred yards. In order to oonfihiG the 
“experiment to the overhead section, it was arranged to stop the 
“running of oars on the conduit section while the test was being made. 

‘“A metallic oirouit was formed, which included one of the 
“trunk linos between the two Exchanges, the remainder of tlie 
“circuit being outside the sphere of influence. All other lines, which 
“were on tho some posts as the line under test, wore insulated Tho 
“ oirouit was tested for insulation and conductivity. The absolute 
“insulation was 33 megohms and conductor resistance 271 ohms. 
“Length of oirouit about 6i miles. 

* “ Two receivers were inserted in the oirouit at the Mount Rood 
“ Exchange. The sounds produced m them, when a tram oar was in 
“motion on the overhead section, wei’e quite as much as, if not more 
“than, those due to induction on the conduit section, although a much 
“ shorter length was under influence. This result shows that under 
“ Binular conditions the interference with telephone communication would 
“probably be more with the overhead than with tho conduit system, 

‘“A regular and continuous “tiolcinp’' was audible in tho 
“telephones, even when no current was neing taken by the oar. 
“ This effect was also present on certain other lines. A receiver m 
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‘ “ oonneotiou With another trunk line, the further end of whioli was 
‘“insulated, indicated a similar eHeot. It at fli’st soomod as though 

* “ this had no connection with tramway currents, hut when tlie goiiorators 

at the power station were stopped, the ‘ ticking ’ coiiaod. 

‘ “ information available was not sulEoient to onablo one to ariivo at 
‘ “ the probable cause. 

‘ “ Cmclimon . — Judging from the results of the experiments which 
‘ “ have been carried out at Madras, it appears to me that disturbnnooa 
‘“to other oucuits by tramway currents may bo duo to iuduot.ion, 
‘ “ or to variation of the earth’s potentiHl, or t,o both. It is worl.liy ot 
‘ “ note that, in most oases, one remedy would apply to both oausos, 

* “ for a parallel return through the airootod area for balancing the 
‘ “ induction would also place the ‘ earth ’ beyond that area.” 

Sub-maiine cable companies, again, are liable to bo seri- 
ously interfered with by both induction and loakago currents 
from e^leotric trarawsys, Cape Town and Madras buying botli 
suffered from these causes. The uso of an enrtli rotuni is 
here a necessary factor in the case, and the action whicli, in 
the case of the Cape, was brouglit against the 'Pram way 
Company by the Cable Company led to a groat deal of 
expert investigation and evidence. The lirst romody tried 
in both cases was, I believe, the removal of tho oarthing point 
of the cable instruments to some distanco away from tho place, 
in order to put it out of reach of stray tramway earth oarrotit.i. 

As regards Madras, the following facts aird iuforoiKJos 
are from the same paper by Mr. Ueboiro. It appears that 
the cables there are broxight from tho landing point to tho 
Telegraph Office in a pipe, miles long, carrying four cores 
of wMch two were spare. The tramway lines, which wore 
most likely to cause trouble, ran parallel with tho cubic pipe- 
line for about ^ mile at a distance of about 75 yards, but 
2 miles away from the landing point : at that date a conduit 
system was in use with an insulated lino and an uninsulated 
conduit and rail return, and the collecting arrangemoiits 
appear to have frequently caused short circuits. In such 
oases a kick was produced on the 'record or slip ; Mr. liobturo 
as the result of his experiments considered that tho eflbct 
was not mainly one of induction, but was rather duo to tho 
variations of the earth’s potential in the surrounding area ; 
and that a circuit having its <‘earth” anywhoro in tho afloctod 
area is distobed in proportion to tho capacity of the circuit 
and the distance of the oarth conuootioii from tlio seat of 
the disturbance. At the same time, the fluctuations of 
current in the tramway circuits undoubtedly ouuseil momont- 
My induction currents in tho neighbouring parallel circuits. 
As a remedy the spare cores in the pipe lino were used as 
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return linos, and wore earthed, at the cable house, on to the 
sheathing of the cables, and this greatly reduced the dis- 
turbances, except in the case of big short-circuits. Two 
aerial linos woi’o lator on laid and used as lino and return 
for the cable circiii<.s, and this had the same efleot. 

The final remedy in the case of tho Cape was to lay a new 
twin cable down for tho first section of some ton miles to 
Robben Island, the second conductor being earthed at that 
point. In this way, whether tho disturbance was duo to 
leakage or to unintentional othorio tolography on Sir William 
Preoce’s system, tho double circuit and distant earthing would 
be equally efl'octivc. 

In tho Emdoni-Fayal Now York cable, which was laid 
only about a year ago, the shore end on the American s’de is 
provided with a double core for a distance of 10 nautical 
miles, one of those cores forming the lino connection and 
the other being joined at its extremity to the inner side of 
tho sheathing of tho cable, thus providing an earth for the 
receiving apparatus 10 miles out at sea. This effectually 
prevents any disturbance which might have boon caused by 
the presence of stray cm*rents from electiic tramways and 
railways in tho noighbourhood of tho cablo ond. It is a 
very wise precaution, and will iro doubt be generally adopted 
on new cables in view of the rapid sjrread of electric traction. 

Accidents and their prevention . — There aro a number of 
ways in which accidents may and do from time to time 
occur on electric railways and tramways, but on the 
whole they aro few in number, and the proportion grows 
less as tho causes are investigated and remodios applied. 
A very serious one occun-ed in a tunnel on the Liverpool 
Overhead Electric Railway recently, where a motor got on 
fire and sot light to tho train and to a number of creosoted 
sleepers which were stored closo by. 'I’ho motors wore here 
of an old typo and not ironclad; otherwise it is hardly 
possible there could have boon more than a suspension of 
traffic ; also there was a very strong wind blowing down the 
tumiol, which aggravated the matter greatly, and, finall}', it 
is obviously unwiso to stack inflammable stuff, like croosotod 
wood, in tunnels. 

A very frequent cause of accident in Amorica has been 
the falling of bare overhead feeders or of tho trolley wire. 
As these have a difrerenco of potential of about 500 volts 
from earth, any ouo toucliod by thorn while at tho same time 
in olectrii'al connection with earth receives a very unpleasant 
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shook ; in the case of auimalsy a far lower diflPerenoe of 
potential will sometimes cause death. This breakage may 
occur from kinks being left in the wire, or from over-strain, 
or from the trolley pole fouling the wire or from inter- 
mittent contact with a guard wire and consequent arcing. 
But the almost invariable cause of a trolley wire breaking is 
that it has been overheated when soldered to the ear. Hard- 
drawn copper in such oases becomes brittle, and the jar of the 
trolley wheel eventually causes the rupture, which will almost 
always occur at the suspension, and generally at the splicing 
ears or section insulators where the wire has been bent about. 
Blow pipe soldering is avoided on account of this danger, 
soldering tools being used in every case. 

Still more common have been accidents due to the falling 
of “guard wires” put up to guard against crossing telephone 
or telegraph wires. If these guards fall to earth, making 
contact with the trolley wire on the way down, they become 
a serious danger owing to their apparently harmless nature. 
Of course, precisely the same thing applies to the falling of 
telephone or telegraph wires, if they get into contact with 
the line through inefficient guarding. The cases differ some- 
what however, for if a telephone wire falls across an earthed 
guard wire — ^nearly all guard wires are earthed now — and it 
also gets into contact with the line, the short bit between 
is instantly fused, and the rest of the wire falls harmlessly. 
But when the guard wire itself falls, it may not burn up 
even on touching the groimd, as its resistance may just allow 
enough current for it to get red hot, and no more. As 
regards damage to the telephone and telegraph instruments, 
the use of a very fine tinfoil fuse is an almost certain 
preventative of damage. We are fortimately free here from 
one of the most frequent causes of broken wires, namely, 
snow, which, under certain conditions, will accumulate on 
the wires until they are brought up to three or four inches 
diameter, adding enormously to both the dead-weight and 
strain and to the area acted on by wind pressure. Obviously, 
in such cases the wires must fall, and they may drag the 
posts down too. 

Now there are several methods of guarding against 
falling wires making contact with the line, and I have said 
something about them already. The most ordinary and 
least efficient is probably the use of a single plain guard 
wire run just over Ihe line, for a falling wire probably 
whips round the guard and makes contact just the same. 
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If tlic guard is earthed, the section will then be cut off 
and the falling wire burnt out, but if it is insulated— as 
in old systems using a single guard wire is -not infrequent 
—matters are made distinctly worse than before. There is 
additional danger hero too of the trolley pole fouling the 
guard wire if it jumps the trolley wire, and this has caused 
many accidents at crossings, etc. Single guard wires are now 
prohibited. Another way is to run a strip of insulating 
material— generally wood— along the top of the fine wire 
where the other wires cross,— a method largely adopted in 
Em’Ope, but again affording no real safeguard owing to the 
fact that the falling wire can whip round to make contact. 
On the wliolo, there is no question that one of the best ways 
in the case of large numbers of crossing wires together, is to 
make theni up in a cable for the one span and support it on 
a bearer wire. Apart from the enormous expense of putting 
them all underground, which alone is suflScient ta condemn 
that method here if we want a cheap telephone service, 
it is very doubtful if a system has yet been found that will 
last. That is not so in England, but the conditions are 
utterly different. 

Then again there is an excellent method which has been, 
to some extent, adopted in Calcutta, namely enclosing the 
wires in a hammock or cage of bearer wires interconnected, 
so that nothing can fall in or out. For protection against 
traction circuits, the crossing wires must be so enclosed, 
but in the case of bare overhead distribution can be 
applied to the circuit to be protected, and this is done in 
Calcutta in many places, I have dealt with this more fully 
already in a previous lecture. ( Vide page 61 ). 

In addition to guarding arrangements there are also 
various devices for preventing damage when an accident 
occurs. Sectional switches, feeder circuit-breakers, and car 
earthing switches have already been mentioned. There are 
also several arrangements for cutting out of circuit a falling 
trolley wire at its point of suspension or earthing it to the 
rails at the nearest bracket or supporti^ point. 

Another cause of accidents is higher speed at which 
electric oars are generally run, and the consequently greater 
distance required in which to stop them, though improved 
brakes have largely minimised this. A great number of 
forms of life-guard have been invented, with the idea of 
picking up the obstructing person, or at any rate preventing 
him fi'om being run over, but it cannot be said that most 
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of these guards are of much uso except that — as a recent 
•writer sarcastically remarked — they appoaso the coroner. 
Some catch the' person in a net, generally damaging him 
in the process ; others aro sort of oow-cntcliors, which throw 
him •violently off the track, while others, again, prevent lum 
indeed from getting under the wheels, but use him as a 
track cleaner instead. Wo know that it is tho fashion for 
coolies in this country to walk along tho street, ignoring tho 
footpath, ignoring the traffic, •with their heads bundled up 
so as to make it quite certain they will hoar no sound or 
warning until a few leet off ; and even when they hoar it, 
they -will never look, but invariably run straight in front of 
ihe bicycle or trap, or whatever it may bo. It has struck 
me that the best life-guard hero, to cdJ'Jo with tho existing 
custom, would bo a light and very iioxible bamboo guard 
projecting far ahead — 10 feet or so — which would 3uoJd at 
once on catching a man in tho back but would givo him 
ample warning to get out of tho way ou his own logs ! 1 
Accidents due to a runaway from brakes not acting aro 
uncommon now, the importance of the subject being fully 
realized ; and as we have no hills iir thoso parts, wo ai^ 
freed from anxiety on that scoro. 

Government of India Following on the practico of 

the Board of Trade the present rules in force Jioro under 
Act XIII of 1887 include a code for tho regulation of olcotiic 
traction ig particular. In point of fact tho romaining rules 
—tho code is printed in full in Appendix I — apply so far as 
they are capable of application to all forms of electrical 
industry, and these axe extra rules particularly with a view 
to the recommendation of the Joint Select Committoo on 
Electric Powers (Protective Clauses) as regards leakage and 
electrolysis on traction circuits and to tho safety of tho 
passengers. As alreadjr mentioned a now Electricity 
Bill is now under consideration, and has rocontly boon 
published for general information. Under tliis Bill thoso 
rules will later on be republished -with such modifications 
as^ are necessary or desirable, but it is unlikely that there 
will be any very radical alterations. 

Feeders^ for traction circuits naturally oome under the 
^nie conditions as other tindorground cables as regards 
msulaiions and tests, except where specially provided for 
m the traction rules. Again, the rule that no conductor 
(other than pilot or volt linos) may be less than equivalent 
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to one-tenth inch diometot holds good; it is unnecessaaily 
repeated in rule 76 ; in point of fact trolley wires are 
always much larger tlran this of necessity, even from 
considerations of strength alone. For the rest I 1 eave you 
to study them in original while going on to discuss a few of 
the chief points in tho special traction rules. 

By rule 55 the rails themselves, and any subsidiary con- 
ductor laid between or within three feet of them and used as 
part of tho return, may be uninsulated, and by rule 66 this 
subsidiary conductor must be electrically connected to the rails 
at distances apart not exceeding 100 feet. Whore rails of 
very heavy section aro used and properly bonded, it is quite 
unnecessary to use such a subsidiary conductor, -the func- 
tion of which was simply to increase tho conducting area ; 
in fact, tho method has now been given up almost entirely. 
In the case of linos running very far out from the generat- 
ing station, a regular return feeder (insulated) is often used 
as already noted. 

By rule 57 the earthed return must always he negative^ and 
the negative terminals of the generators must also be 
connected through current indicators to two independent 
earth connections, with a view to measuring tho amount 
of current returning by earth itself and pipes of all sorts 
instead of by the bonded return. The keeping of the rails 
negative is of the utmost importance, as it ensures such 
damage as is done by electrolysis occurring at the rails 
themselves, and not on other pooplo’s pipes, *as already 
explained; but tho provision as to earthing the generators on 
to_ neighbouring pipes, as well as to tho rails, has boon much 
criticised. It is pointed out that, so long as no such connec- 
tion is made, no current om get back to tho generators from 
tho pipes vid earth, while to make tlio connection encourages 
such a flow. But, on tho other hand, where there is consider- 
able leakage from tho rails to pipes, this method assists that 
leakage current to got back to the generators without 
any break in the mot^lic continuity, and prevents it from 
perhaps leaving the pipes and returning to tho rails at a 
point further on of lower potential. There is no harm 
whatever done to any conductor, even a water-pipe, by the 
fact of its carrying a cuixent, so long as it is not too large 
in proportion to the conducting area. The damage is done 
at the points of departure, which, in the case of a line of 
pipes, may possibly bo at the end of evory length, tho earth 
acting as an electrolyte. However, this rule has rooontly 
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been somewhat modified in Eugland, and in due course, no 
doubt, will be here. 

By rule &8 the earthed return must be so laid, bonded, 
and maintained that the leakage current shown does not 
exceed either two amphres per mile of single tramway, or 6 
per cent, of the total current output of the station, and 
that at any point the direction of the leakage between the 
return and any neighbouring pipe, etc., can be reversed by 
by interposing three Leclanche cells in series when the 
current is flowing from the return to the pipe {which it should ho) 
or one cell in the reverse case. Things obviously need 
looking to when the state of affairs is such that the return 
rails and, conductors which should carry practically all the 
return current are being’ actually fed from metal pipes in 
the neighbourhood, which are not intended to be part of 
the circuit ; and, as already pointed out, it is at these points 
where the current leaves that corrosion occurs. In order 
to ensure the carrying out of these conditions a recording 
amphre-meter is always kept in circuit. 

Rule 59 provides for a maximum drop of 7 volts on 
the earthed return, this figure having been fixed by the 
Board of Trade as the inaximum safe limit if electrolysis 
is to be avoided. It is by no means certain that this 
allowance is not too high even as a maximum, and certainly 
in the best undertakings the drop is nowhere near that figure ; 
but in places where no rules are in force 30 and 40 volts’ 
drop have been not unknown. The result of excessive 
drop — and proportionately even of the allowable drop — is 
to induce a certain amount of leakage into the earth, and 
into the best conducting part of earth, i.e., the lines of pipes 
in the neighbourhood, or, on occasion, the lead sheathing 
of the neighbouring electric light or traction feeders. It 
is only fair the latter should suffer ! In order to comply 
with this rule a pilot lino is brought in from the extremity 
of each retm’U circuit to the generating station, where a 
recording voltmeter is fixed. About 1 or 2 volts will be 
registered in the best constructed systems as a rule. 

Rub 61 insists on the dividing up of the lino into 
sections with an emergency switch between each for dis- 
connection in case of fire or accident. 

Rule 62 limits the allowable leakage of the line to one- 
hundredth of an ampere per mile of tramway, and provides 
for the actual stoppage of the system if it exceeds half an 
amphre per mile. This rule does not apply, however, to a 
double-insulatnd conductor system in a conduit, where such 
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high insulation resistance is a matter of great difficulty, and 
the leakage generally will damage only the two conductors 
in the conduit. The leakage must be ascertained daily 
before and after running hours. 

Rule 66 insists on good contact both at the collector 
and wheels, since a bad or intermittent contact causes 
variations in the current which lead to interference with 
telegraph and telephone circuits. This is a form of wireless 
telegraphy which is quite undesirable, and in the case of 
telephone users it is exasperating to a degree. 

Rule 68 insists on the provision of means of starting 
cars gradually, so as to avoid ^reat and sadden jumps in the 
current and the consequent jumps in neighbouring circuits. 
The wording of this rule is somewhat old-fashioned, as it 
contemplates the rheostatic method of control which has 
fallen into desuetude. 

Rule 70 lays down the tests which undertakers must take 
in order to comply with the previous rules— daily records, 
monthly and quarterly records, and occasional records. 

Rule 71 forbids the exposm’e of any live conductors 
on any part of the circuit, except the rails. 

Rule 73 limits the trolley circuit to low pressure, 

600 volts ; rule 74. lays down the minimum height of the 
line at 17 feet, and riile 75 excludes tramway-feeders from 
the operation of rule 24 (1) when they are on the same 
poles as the trolley wire. Obviously it is useless to run 
them at 30 feet over crossings when the trolley wire can- 
not be so raised. Now, with regard to these three rules, 
many people are still horrified at the extent to which aerial 
lines are used for electric traction all the world over, and 
still more so at the way tho use of these linos for ordinary 
distribution is permitted in Calcutta. It is true there have, 
in tho past and in other countries, been many serious 
accidents from falling wires, but it is chiefly a matter of 
good construction. As work is done at the present time, 
it is a very much more difficult thing for wires to fall than 
used to be the case ; strong poles, largo insulators, large-sized 
wires, good staying, careful guarding — all these help to 
perfect the system. 

Rule 77 limits the power carried by any line to 300 
kilowatts, beyond which a duplicate must be run. 

Rules 78 and 79 insist on tho earthing of the trolley stand- 
ard, and the high insulation of its flexible connecting cables. 

Rule 80 calls for an emergency cut-ofE switch in 
addition to the controllerj in case the latter fails to act. 
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DeSCEIPTIONS op some EXISTDSra EXAMPLES OF ELECTRIC 

TRACTION. 

THE CALCUTTA TRAMWAYS. 

You will naturally expect some description of the sys- 
tem of electric traction now being introduced in Calcutta, 
which will serve as a practical example of much that I have 
told you here. The system is worked by the Calcutta 
Tramways Company, Limited, and conversion from horse 
traction is rapidly drawing to a close. The line across the 
Maidan from Esplanade to Kidderpore is leased to them 
by Government, while the remainder of the lines are 
controlled by the Corporation of Calcutta. There aro some 
385 miles of track being electrically equipped, of which 
practically the whole is double track (19 miles). The power- 
station is at Nonapooker, off Lower Circular Road and 
Elliott Road, the site consisting originally largely of tank. 
The reconstruction is being carried out by Messrs. Dick, Korr 
& Co. as Agents for the English Electric Manufacturing 
Company of Preston, whose magnificent works I recently 
went over. 

^ Boiler-house .- — The boiler-house contains 6 Galloway 
boilers and a Green’s economiser of 480 tubes. Near* is a 
large puJeha tank for condensing water, and by this a cooling 
tower for the same. I think I have not previously moiitionod 
these cooling towers ; the water is forced up and allowed 
to fall down the inside of the iron structure, the fall boing 
constantly broken so as both to give a long path and in 
order to break up the flow into drops. At the base aro two 
powerful motor-driven centrifugal fans, forcing a current of 
air up the shaft. The rapid evaporation thus set up carries 
off a small proportion of the water and cools the remainder 
dowp thoroughly. 

Engine-room . — The engine-room main equipment consists 
of three 600 kilowatt combined sets and a smaller auxilliary 
150 kilowatt set (550 volts, 280 amperes). The large engines 
are by Yates and Thom, horizontal, cross- compound condens- 
ing; cylinders 2 1 inches and 40 inches, 3 feet 6 inches stroke, 
^ revolutions a minute, steam pressure at stop-valves 130 lbs. 
The flywheels are 16 feet Cinches diameter bunt up in sections 
and "weighing 29 tons. No auxilliary engine is requii ed to 
start them up, as is often the case with larger sets, but steam can 
be let direct into the low-pressure cylinder for the purpose. 
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The generators are continuous-current multipolar macMnes 
by the English Electric Manufacturing Company, compound 
wound, with inwardly projecting poles. The magnet yoke 
is of cast-iron, with laminated pole pieces cast in, and is in 
halves. In order to equalize the potential, if there should be 
small differences in the magnetic now between different poles, 
heavy equalizing cables are run bettf eon brush and brush all 
round, the positive and negative cables being carried side 
by side in a chamiel-iron ring. Provision is made to put a 
shunt across the terminals of the series field winding, if 
required, in order to regulate the compounding to suit the 
running conditions. The equalizing switches for coupling 
up the positive sides of all the running machines are placed 
close to the generators,^ as it is essential that the connection 
should be of very low resistance, which moans much copper, 

Switcliboard , — The switchboard is on a raised gallery at 
one end of the building. Starting at one end of it, the 
first panel controls the lighting ai’rangements ; then comes a 
panel for each generator, with voltmeter and amperemeter 
(Weston shunted type), main quick-break chopper switch, and 
automatic excess current circuit-breaker; these are arranged 
with a carbon break to take the arc. Then comes a similar 
panel for the whole output of the station, with an ampere- 
meter reading up to 5,000. These instruments are of the 
shunted type, and while calibrated in amphres are actually 
reading the difference of potential over a standard resistance 
through which the current passes. Beyond this, again, are 
the feeder panels, one for each positive or line-feeder. Each 
can be cut off by a switch as well as by its circuit-breaker, 
and each has its own amperemeter and lightning arrester. 

Feeders . — ^We can leave the rest of the switchboard at 
this point for the present and consider the feeders them- 
selves. The trolley lines are by rule divided into half-mile 
sections, so that sub-feeders must be run along side these 
throughout. These are of *19 square inch cross-section and 
laid down close to the track. These sub-feeders are fed by 
main feeders at the following points (see Plate I) : — 


Interaeotion of roads. 

Junction of Oiroular Boad and Bidde^ore Bridge Boad 
„ „ „ „ and Ohowrin^ee Boad 

„ „ Hastings Street and Strand Boad ... 

„ „ Olive Street and Dalhousie Square ... 

„ „ Bow Bazar Street and Ghitpur Boad 

„ „ Bow Bazar Street and OoUege Street 

„ „ Ohowringhee and Esplanade 


Size of cable. 
Sq,. in* 

.. *6 
.. -6 

.. *6216 
., *6316 
.. *47 
.. *416 
.. *416 
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All these feeders are of the British Insulated Wire Com- 
pany’s make, and are lead-covered and laid in metal troughs 
on the solid system. They have been tested at the makers’ 
works for 15 minutes at 2,600 volts. 

The overhead equipment does not differ in any import- 
ant way from the general methods I have described. The 
trolley wire is of 3/0 S. W. Q, hard-drawn copper. It 
is partly suspended from span wires, partly from long 
single brackets, and partly from double brackets. Double 
insulation is employed throughout; that is to say, in the case 
of span wires there is a strain insulator in the suspension 
wire as well as the insulating hanger and. in the case of 
bracket suspension the clip above the insulated hanger is 
not fixed direct on the bracket arm, but has a liner of wood 
interposed. Of course this wood is not of any great value 
except in the dryest weather. 

The main leeders terminate in cast-iron street pillars, 
with switches for disconnection, and from these the sub- 
feeders are taken off. The connections to the trolley wire 
are made at the half-mile sections, the seotional insulators 
having two feeder connections on them. Pole switches are 
provided at these points and also lightning arresters. 

Beturn feeders . — Let us now turn to the return circuit. 
I will leave particulars of the track for the moment to deal 
with the electrical features first. The bonded rails are used 
for the return current, so far as the general system of linos 
is concerned, but the system is considerably removed from 
the power-station, which is very badly placed indeed. A 
single line of track has recently been run into the station 
from the Wellesley .Street line for the purposes of the car 
shed, but otherwise no lines run anywhere near. Conse- 
quently the track obviously cannot convey the current back 
to the switchboard ; and for reasons already fully explained, 
it cannot be a^wed to find its way back through the earth 
and the pipes, 'even were it economical to permit it to do so. 
Eetom feeders are therefore a necessity, and three are laid 
as follows (see Plate I) : — 


Intersectiioii of roods. 


Sissd of ooblo. 


Junction of Oiroulor Eoad and Eidderpore Bridge Eoad 
,1 „ ,, „ and Ohowringhee 

„ Ohowiingheo aud Esplanade 


Sq, in. 
•6 
•6 

•7942 


Negative hoosters . — Each of these feeders is connected at 
the power-station with a negative booster, the action of 
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X. have already explained in a previous lecture. They 
to speak, suction pumps, creating an electrical 
X in the return feeders, aiding the circulation and 
ting leakage. The first of these feeders looks after 
iderpore line, and the booster output is 300 amperes 
volts. The second assists the Bhowanipur line — a 
5 extension to Tollygunge may perhaps be in con- 
ion also — and its booster gives 300 ampferes at 60 volts. 
Lx’d and largest return feeder is connected to the rails 
[aiportant junction of the tracks from Chowringhee, 
ide, Bontinck Street, and Dhurramtollah. All the 
>rth of that point — the Strand Hoad, Obitpur Hoad, 
rnwallis Street, are interconnected at the far end, so 
>re are many alternative paths for the return and the 
oe is virtually nil. The Esplanade booster gives 800 
3 at 120 volts. 

ti of the negative boosters consists of two machines 
on a single bed plate. The motor is shunt wound 
oi off the station bus bars. An ingenious form of 
switch is used .to excite and then gradually cut out 
stance. All the chopper switches are side by side, 
ir I'uns along them with a groove cut in it for each 
but (hese grooves are so arranged that the switches 
DO put on in the wrong order. The field cannot be 
ixitil the armature is cut out ; the armature cannot bo 
1 in until the field is on, and the starting resistance 
r be cut out coil by coil in the right order. It is a 
le thing that people in charge of motors will (if they 
Lft the starting switch across all its contacts in a 
. With an eighth horse-power motor this does not 
tx the least, as the current can generally be safely 
jvenif the armature is prevented from revolving, but 
motors it is a serious matter for the windings, and 
jes a considerable jump in the pressure on lighting 

the generator side of these boosters is separately oxcit- 
the particular arrangement used was devised by 
xltz, who is Engineer-iu-charge here for Dick, Kerr 
The field is normally excited by the current in the 
Dr the particular section concerned, so that as the 
■ises the field strength is automatically increased. 

; be necessary, however, there is also a fine wire field 
•which can be excited at 560 volts ofl the bus bars. 
3 a special panel on the main switchboard for each 
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booster, the motor switobes being fixed cdoao to thoir 
maGhiuos, however. 

Tm‘k . — ^Let ua turn to the track next. Tlio rails are of 
the grooved girder typo, weighing 101 lbs. per yard. As 
nearly all the track is tlouble, there are generally four rails to 
carry the return current ; and as they are emss-bondecl and 
intercounoctod, it will bo soon that there can bo voiy littlo 
drop in pressuro. The calculated rosiatunco of tho steel 
rails thornsolvos, four in parallel, and omitting joints — calcu- 
lated, that is, as for a solid longth—is ‘OOir) ohms por 
1,000 feet. Tho resistance of tho bonds at joints, omit- 
ting tho rail, was estimated at 001 oluns per 1,000 feet of 
double track, and has turned out somewhat loss. When it 
is considered that tho tracks are considerably interlaced 
by orossing streets, it will bo soon tliat tho return current has 
the choice of various paths, all of oxtromely low resistance, 
by which to get back to the return-feeder junctions. 

The track is laid on 0 inches of cement concrete, on 
which the broad base of tho rail obtains a inost substan- 
tial footing. Steel tie bars are used, of reetnngular section, 
which are passed through a corresponding holo in tho web 
of one rail and then given, a half turn, so us to lock them by 
the transvaiso grooves in tho ties. At tho other end the 
ties have double nuts and washers, so that tho rails can 
be adjusted to gauge and hold there. For this purpose a 
template is used, having two projections similar to tho 
wheel flanges, which just fit the grooves and are rigidly 
held to gauge on a bar. At curves a certain amount of 
super-elevation of the outer rail is arranged for wherever 
tho roadway allows it, and both gauge and grooves are 
widened a trifle. Tho curves thornsolvos are oircsular. On 
tho Kiddorpore lino over tho maidau tho truck is double 
except at road crossings. At some of those there are 
spring controlled automatic points, which 1 have already 
described, while at others the two tracks aro caraiod parallel 
and BO close together as to virtually form one largo 
composite rail witli two grooves. Tlio reason of this is that 
only one car can be on the crossing at once, and tho con- 
sequent (langer to the ordinary irafllo of having two 
oars running in opposite directions is avoided. Neptune 
bonds have been used throughout ; they are only slightly 
different from tho Chicago Grown bonds alroady deseribeil, 
and are expanded in tho same way, tho bond turning itself 
over at the outer rim under tho pressuro of tho pin that is 
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driyen in. At all points and special cast pieces the ordinary 
bonds are supplemented by long flexible bonds, which 
run from rail to rail and leave out the cast piece, and 



Figures 61 .—Bonds at points. 

the two branching rails are also cross-bonded. 

^Boiling stock. —There will be about 100 motor cars 
altogether, and the old horse cars will be used as trailers. 
It is contemplated to use the new cars as first class at a 
somewhat higher fare, in order to induce more of the 
travelling public to use the trams. The seating capacity of 
the new oars is 27, and they are single-decked. American 
“ Brill” trucks arc used; the wheel base being 6 feet and the 
spring base 14 feet 6 inches. The trolley pole is arranged 
with a swivelling head, so as to run either on a wire right 
over the track or side suspended — ^the latter construction 
being adopted in some places. Each car has two “Short” 
motors rated at 25 H.-P, with single-reduction gearing and 
series-parallel control. The Stirling hand-brake is fitted, 
working on the wheel rims by differential chain gearing. 
In addition there is also an emergency electric (short- 
circuiting) brake. The lighting of the cars is done by two 
3-light fittings, and these with the headlights and platform- 
lights make up two series of 5 each, which are across the 500 
volts. I may remark here that the cars are not double ended ; 
that is to say, they always run in the same direction, so there 
is a controller only at the front. At the termini there are 
loops, or in two cases triangles, by means of which the cars 
take the oon-eot direction for the return journey. 
These termini are at Kidderpore DepOt, High Court, Him- 
tollah, Shambazar Dep&t, Esplanade, Sealdah, and the powei’- 
station at Nonapooker. (See Plate II.) 

Boo/td of Trade With the exception of Ihe last 

three, these loops aro also “test points ” from which pilot 
lines run back to the station for the Board of Trade test 
panel, to show the drop of potential on the return. Kecordmj 
voltmeters, reading from zero to 10 volts, are fixed on the 
special test panel. There are also a recordings amperemeter, etc. 
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(as previously described), for the various other tests required. 

Guarding . — The metliod of guardiufj against foreio-n 
wires falling on the trolley lines is that rceonimonded by a 
Committee appointed in I i)0 2 to consider llio question, the 
repoit of this CoimniUco being printed ns i\ppendix HI. 
Tlte method is based on that of tho Ibitish IVst Otlice, as 
laid down in tho rules in Aiipcndix IV. (ilunrd wires ai'o 
carried at each side of a single trolley wiro ( or tvi o close 
together) overlapping by soino eight inclios and about 2 feet 
above tho trolley wiro. Tliis covers most ordinary oases, 
and various anangoinents of hooks assist in the case of 
parallel wires, while special cases arc loft to bo dealt with 
on thoir merits. My own view is that tho tolcgraph and 
telephone wires should certainly bo thomstdvea so guarded 
that they cannot fall by netting or interlaced guard wires 
close underneatli them. 

Lightning , — The arresters usod in tho station and on the 
line and cars are of tho Gartoii-Daniol typo, which I have 
not previously described. 



Figure 02 »Glai ton-Danfel lightning arreiter, 

Tho connections aro shown diagnunmaiicttlly in figure 62. 
The line to be protected ooinos to a kicking coil, and from 
tho terminal is taken ofE tho arrestor oonnootion. A spark 
gap is provided by two arc lump coa-bous abutit inch apart, 
of which the lower is oonnocted to caith. Hosting on tho 
top of the upper carbon is a conducting rod enclosed in a 
fire-proof insulating tube, surrounded by a inagnetising coil, 
connected across the torininals of a carbon resistance which 
can pull up the rod. When a discharge occurs it cannot 
negotiate the kicking coil, so it passes through tho carbon 
resistance, and ^ over tho spark gap to earth. Tho line 
current follows it causing a difference of potential between 
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tlie ends of the carbon resistance, the coil is magnetised, the 
rod drawn up, and the arc broken in the magnetic field. 

Beblin. 

During 1901 a number of members of the Institution of 
Electrical Engineers paid a visit to Germany at the 
instance of the corresponding Society there, and 1 was among 
the number who availed themselves of this opportunity of 
seeing what other nations are doing. Naturally Berlin was 
the most important place we visited, and a few notes on what 
has been and is being done there will be of interest. There 
is a notable difference between Berlin and London as regards 
electricity supply, namely, that whereas the latter has a great 
number of separate central lighting- and power-stations, 
owned by many companies and local authorities, the former 
is chiefly served by one great company, the Berliner Elek- 
tricitats Werko. The whole of this great system, with six 
immense generating stations and a number of sub-stations 
has been equipped by a single company, the AUgemeine 
Electricittlts Gesellschaft. It represents at present a total 
engine-power of some 150,000 H-P., supplies* some half- 
mmion incandescent lamps, 16,000 arc lamps, 8,000 motors, 
and the whole tramway system. The new electric railway 
which I have already mentioned is, however, independent. 

Power-station , — I take one particular station — that at 
Oberspree — as an exan)ple ; this is some miles away from the 
city and current is generated three phase at 6,000 volts and 
60 cycles. There are three combined sets, each consisting of 
a 6,000 volt 3,000 kilowatt, slow speed 3 phase generator, 
direct-coupled to a QSrlitz horizontal slow-speed engine 
running at 83 revolutions per minute; also two 1,000- 
kilowatt horizontal combined sets and two 2,000 H-P. 
vertical sets. The large sets are being used for extensions, 
which are rapidly proceeding, and no leas than 12 of them will 
shortly be running. The engines are of the horizontal triple- 
expansion type, having four cylinders placed two in tandem, 
and driving two cranks with the generator placed between. 
O’he low-pressure cylinders are nearest the crankshaft, vwth 
the high-pressure cylinder behind one and the intermediate 
cylinder behind the other. The high-pressure cylinder is 
2 feet 9 inches in diameter, the intermediate 4 feet 2 inches, 
and the low-pressure cylinder’s each 4 feet. 10 inches. The 
stroke is 4 feet 11 inches. Each engine is capable of devel- 
oping 4,000 B. H. P. when running at 83 revolutions per 
minute, condensing and supplied with superheated steam at 
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a temperature of 300° 0. aiul a pressure of irOlbs. on the 
square inch at the btop-valvo. 'I’lio l'ollo\yiiii'' table gives 
the outputs of the <mginos at (lifToroiit cut oils 
Steam afimisflion to liigli-prcs?ure 

eylmder per cent. 11 18 2*5 35 50 

ludioatod horso-powor ... 1,8‘10 2,550 3,0.SO .3,720 4,400 

Brake Iiorse-powor .. . . 1,5/0 2,220 2,710 3,310 4,000 

The condonaors are placed below the floor level, each 
low-pressure cylinder having its own air-pump and condens- 
er. The guaranteed steam consumption within the limits of 
2,000 I H.P. to 3,500 I. II. P. docs not exceed 9*4 lbs. per 
indicated horse-power per hour. 

Tho generators rank amongst the largest low-speed 
machines yet built, tho output of each being 3,000 kw. with 
inductive load, having a power lactor equal to 0*9. The 
stator or stationary armature has a diainotor of over 28 feet 
and weighs 80 tons. The core is built up of soft annealed 
charcoal iron sogmonls of high permeability, wliich are insu- 
lated from one anothoi*, and is provided with ventilating 
holes. It is carried in a massive iron casting, which is 
supported on tho foundations by four foot, tlio lower half 
being also provided with adjusting screws to enable the 
stator to bo exactly centred with the rotor. Tlio throe- 
pliaso windings are star connoctod, and consist of massive 
copper bars insulated by niicnuile ti’ouglis, and carried in 
slots sunk in tho inner circiimforenco of tho core. Tho 
end connections are made by winged connectors separated 
by air spaces to ensure perfect insulation. The current per 
phase is 290 ampbros. Tho revolving fleld, or rotor, is 24 
feet 4 inches in diainotor and weighs 70 tons. It consists of 
a massive flywliool, with a ring of soft aimoalod iron built up 
chain fashion round its poriidiory and notched at intervals 
to receive tho polo-pieces, oi which there are 72, which arc 
held securely in position by double wedges. At full load 
tho excitation amounts to 3 1 kw., or 1 per cent, of tho total 
output of the machine. 

Suhstatiom and DistrihiUon , — Now tho power from this 
immense station is used, as I have said, for every purpose. 
It supplies a large factory cloao by, whoro tho cables _ of. 
tho Company (tho “ A E.Gr.”), are manufactured, tho high 
pressure being converted down to 1,000* volt, 000-volt, and 
200-volt 3-phaso currents by transformers, and to continuous 
current at 200 volts by rotary convertors. It supplies also 
the lighting and power and tramways for a oonsiderable part 
of tho city from sub-stations. In those tJio 0,000 volts is 
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transformod down to comparatively innocuous pressure, and 
then is either distributed tor lighting purposes fit 3 phase or 
put through multipolar rotary convei’ters to give direct cur- 
rent. The 440- volt 3-wire system is used for lighting, while 
the tmmway line pressure is 500 volts (continuous curi’ont) 
involving 650 volts at the transforming stations. 

At the Moabit sub-station which we visited, the rotary 
converters were regulated by means of an alternating current 
booster on the 3-phase side ; that is to say, a second machine 
fixed on the same shaft whose armature coils were in series , 
with the others. By altering the field of the booster its 
E.M.F. can be varied, and thus the E.M.P. of the whole 
sot — which may be cither used for lighting, traction, or 
battery charging. 

Snaiotell Tjbamway. 

This is not a modern line by any means, but I mention 
it as showing what can be done by electric traction in the 
way of grades. The line runs from Laxey, in the Isle of 
Man, up to the top of the Snaefell Mountain, a rise of some 
two thousand feet in about 4 miles ; it is entirely a 
tourists’ line, built for people too indolent to walk up, and 
there is only one intermediate stopping place. The gauge 
is 3 feet 6 inches and Tee rails are used for the track, 
weighing 56 lbs. to the yard. The ruling gradient is about 
1 in 12, and it is actually 1 in 10 over a short length, 
but the cars run up by adhesion alone. The overhead 
system is used, with poles placed between the two tracks and 
doable brackets. The trolley wire is 1/0 S. W. G, copper, 
and is fed by 37/14 feeders laid on the Callendar solid 
system from the power-house, which is half-way up the line. 
The rails are alone used for the return current, and I may 
point out that this is a case where excessive drop of pressure 
is of absolutely no importance to anybody but the Company 
themselves. Of course it moans more coal, and in point of 
fact the coal all has to bo shipped over from Wales, so it 
would be bad economy to neglect the return circuit ; but 
as there are no outside telegraph or telephone lines or gas 
or water-pipes in the immediate vicinity of the line or power- 
house, there is nothing that could he damaged except the 
Company’s own roils and feeder troughing. The cars have 
a seating capacity of 48 (all inside), and are mounted on 
two 4-wheel trucks, the whole motor oar weighing 14^ tons. 
The maximum speed is ten miles an hour, but it averages far 
less. There are four 26 B. H. P. 600-volt motors, one on 
each axle, con*’iolled on the series-parallel system. Owing 
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to the extremely severe gradient and the cei-tainty of a 
catastrophe in case a car should run away, the brakes are 
unusually multiplied. In addition to hand, emergency, and 
electric brakes, there is a gripper brake acting on a double- 
headed C5-lb. rail laid between the track rails, which is 
kept on during the whole down journey. The slippers 
have to be renewed after a very few journeys, ns the 
wear on them is extreme. The power-station has no 
■particular feature of interest ; there are four Lancoshiro 
, boilers totalling 840 horse-power, five 2-pole generators, total- 
ling 300 kilowatts, belt driven by horizontal compound 
engines. When I visited this line I was informed that 
they had at one time used shunt motors on the trucks 
experimentally in order to be able to use them as generators 
when descending, and to feed the line ; this would reduce 
the load at tire power-station, just as cable cars do on similar 
gradients, or the coanter-balance trams often used for short 
and very steep lifts The arrangement however proved 
unsatisfactorj’^, as the drivers could not get into the way of 
regulating properly and it was considered unsafe. 

SuEFACE-CONTAOT TRAMWAY AT WoiiVEEHAMPTON. 

Quite recently a short length of tramway route was 
started at Wolverhampton on the Lorain surface-contact 
system, after some previous trials had been made with a 
mechanically operated surface-contact system, which has 
not so far proved a success. About one mile of double 
track is so far equipped, and has been approved by*tlie 
Board of Trade, for a period of one year, and another 
1 2 miles are to be done presently. 

Operating devices . — The system is an electro-mognotic 
one, the contacts being operated by magnets on the car. 
Each box is self-contained and independent, and it is an 
essential to a contact being alive that the olectro-inagnot 
on the car shall be over it. A failure of the system is 
therefore incapable, so far as one can foretell, of leaving 
a contact alive after the car has left it, though nothing but 
continuous working can prove this conclusively. The 
collector under the car is just long enough to reach over 
from one contact to the next, so that there should bo no 
break in the continuity of the current supplied to the motor. 
The collector is a long sti*ip of phosphor bronze fixed to a 
length of hose-pipe carried on a beam, which in ils turn 
is suspended from the car axles. This method of attach- 
ment allows considerable freedom of vertical movement 
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and ensures a steady^ contact pressure, wliile getting' rid of 
the constant oscillation winch would result from suspending 
the apparatus from the car body. At each side of this 
collector, throughout its length and extending some 18 
inches beyond it^ at each end, there are two longitudinal 
iron bars, in sections which are magnetised by six electro* 
magnets, all ai'ranged in the same way so as to make one b.ir 
a north pole throughout and the other a south pole. These 
bars come down to within about an inch of tho level of the 
studs and the contact bar, so tliat so long as they are over the 
studs a very strong pull is exerted on the magnetic parts in 
them. There are two reasons for having the magnets 
longer than the collector, namely, first, that the carbon 
switch in tlie contact box is never allowed to break the 
main current, as tho switch is held up for an appreciable 
time after the collector strip has left the contact; and, 
secondly, that the leading end of the magnet poles pulls up 
the switch and makes the contact there alive before the 
collector reaches it. This is rendered necessary owing to 
what is known as the “time element” m such gear, i.e. the 
fact that it does not respond instantaneously, which has given 
a good deal of trouble in other surface-contact systems. 

The street- cent act plate consists of three parts ; the cen- 
tre is of manganese steel, ribbed and rounded off, which is 
non-magnotic and exceedingly hard, while tho two pieces 
on either side are of cast-iron, the whole being virtually 
oast-welded together. When the car passes the two long 
poles run over the two cast-iron jiieces, which are of course 
not magnetically short circuited or affected by the centre 
non-magnetio piece. But in action the magnetic circuit is 
completed (excepting for the two small air gaps of about 1 
inch each at street level) by an iron keeper or armature 
inside the switch-box, which rises up, and in so doing connects 
the stud to the live mains. This it does by moans of carbon 
contacts, which (as already explained) make the circuit 
alive before any current is required, and do not break it 
until after the current has ceased to be drawn from the stud. 

Tho actual size of the street contact plates is 12^ inches 
by 6f inches, and they are placed 10 feet apart centre to 
centre, the top of the jJlatos being some f inch above the rails. 
They with the switch gear are laid in a material known as 
reconstructed granite, which appears to be one of the very 
best insulators for hard wear. It is made by breaking up and 
calcining granite, mixing it with a certain amount of felspar 
and kaolin and some water, and then moulding it under 
heavy pressure. After preliminary drying it is fused into a 
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homogeneous mass in furnaces and a vitrified glassing is added, 
which renders it entirely non-porous, practically fire-proof and 
highly insulating, coupling those qualities with great strength. 
Blocks of this material are used then for carrying the contact 
studs and their gear. There is a thin layer of insulating 
material (bitumenous), interposed between tho pieces and also 
round the holding-down bolts, and tho cables ai*o run up to 
their connection entirely on tho solid system from the 
Callendar troughs below. The actual contacts, and tho iron 
armature that actuates them, are enclosed in a double cup 
of an insulating material called vulcaheston, the current 
being conveyed up by a copper spring. 

The two long magnetic poles run about 1 inch above the 
surface contacts, and this air gap, together with that inside 
the switch, makes it necossaiy to use powerful magnets. 
The poles cannot safely be brought lower, and, oven as it 
is, there is a danger of stones catching thoin, so this is 
perhaps rather a weak point. It also appears tliat there 
is a good deal of sheet iron dropped about tho road 
from the waste cuttings being removed from woiks, 
and these give some trouble by clinging to tho polos. 
The magnets have two separate windings ; tho normal one a 
shunt across the 500 volts, all ceils being in series, while the 
other set of coils carry tho main current on its way to the 
motors, and so strengthen the field and increase tlio contact 
pressure of the switch while current is actually passing 
through them. Ihe thick wiro winding can he usod at 
starting, to pick up tho first contact, by moans of a small six- 
cell battery, which can only bo put in whoii tho main cui'ront 
ii^ not running in the coils. 

The remaming equipment of tho system docs not call 
for any particular comment,^ as it is on tho ordinary linos 
already laid down. The maximum speed has boon fixed by 
the Board of Trade at eight miles au hour and at facing 
points four miles an hour. Tho system has already had 
some trouble from snow, but no now system becomes 
perfectly successful at the first start olt. 

Cbntbal London Railway. 

As an eSampl^ of railway work I will give you some 
further details about the Central London Railway, geuorally 
known as the “twopenny tube,” The lino runs out some 6f 
miles from the heart of the City, having 13 stations altogether, 
and the line is carried in two tunnels side by side far down 
below tho streets and their complement of pipes, wires, sowers, 
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and ordinary undergound railways. Passengers are taken up 
and down at the stations in large electric lifts, and the whole 
system is worked so as to avoid delays of all sorts. There is 
a very rapid service of trains — about two minutes’ headway 
being allowed — the speed, t^cceleration and retardation are 
high, and the stops are reduced to the utmost. The con- 
stiTiction of the line was begun in 1895 and completed in 1900, 
The power-station is at the extreme outer end of the line, at 
Shepherd’s Bush; current is there generated 3-phase at 5,000 
volts, transmitted to sub- stations along the line, and there 
transformed down to 550 volts (continuous current) on the 
feeders. Ultimately the third rail is fed at 600 volts just as 
in most other cases. The depCt at the terminus contains 
the engine and carri^ige sheds, repair shops, stores, and 
generating station, occupying a considerable portion of the 
20 acres enclosed in. 

Boiler-house . — The boiler-house has some 20 Babcock, 
and Wilcox water-tube boilers, working at 160 lbs. pressure. 
In a large station like this it is of course of the greatest 
importance to reduce the labour of handling as far as possible, 
wherever machinery can be employed instead, for power is 
available and cheap. Complete arrangements are consequently 
made for running the coal from the tmeks on the railway 
siding to the boiler-house, where a mechanical conveyer takes 
it and delivers it into the bunkers over the stokers. The con- 
veyer is a great endless chain band, running over the boilers 
and back under the boiler gangway. On this revolving band, 
which is electrically driven by an 8 H.-P. motor at 40 feet a 
minute, are 200 buckets, each arranged to take 1 cwt. of coal 
normally. At any one time 20 full buckets are being lifted, 
while the rest are travelling along above or below. In this 
way some 160 tons an hour can be put into the bunkers, 
which will hold altogether 1,000 tons, or a week’s supply. 
From the bankers into the stoker hoppers the coal runs down 
by gravity, regulated by hand from the gangway. Vicars’ 
mechanical stokers are used ; this is an arrangement by which 
the firebars are in two alternate sets, driven by a small engine 
in such a way as to carry the coal steadily forward towards 
the bridge. One set of bars rises a little, travels forward 
with the fuel, and then drops down again, leaving the fuel 
resting on the other set of bars as they rise in turn to go 
through the same cycle. The mechanical stokers are driven 
by Chandler high-speed engines, geared down to give tho 
r^uired slow movement of the bars. Any stoker can bo cut 
on at will if required. The feed water for the boilers is 
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heated up by four G-reen’a economisers, each of 7G8 tubes. 
These are placed vertically in a cliambcr between the boilers 
and the chimney, so that the fumace gasos pass among tliom 
and heat up the contained water. In order to prevent tlio 
deposition of soot from acting as an efEectual non-conductor, 
scrapers are arranged on each tube, which are moved slowly 
up and down by chains actuated by a motor above ; each pair 
ot economisers requiring a 5 motor. Tlioro are two 

chimneys, each 10 feet internal diameter and 250 foci high, 
Engino-room. — There are six main sets, each of 850 
kilowatts at 5,000 volts 3-phas0, direct couploil to hori- 
zontal cross-compound Allis engine, witli Corliss valvo 
gear. Cylinders are 2T'’ and 40", stroke 4 feet, govoin- 
ing is effected on the cut off of each cylinder, and tlioro is 
an emergency governor as well. The generators are of the 
revolving field type, and at94revolntioiisgenorato3-pha.se 
at 25 cycles per second. The revolving field consists of 
32 outwaa'dly -projecting laminated polos and magnet cores, 
bolted to a cast-steel ring. Tliis ring is carried by a heavy 
cast-iron spider, which is mounted on the oxtoudod ongiii'e 
shaft between the high and low-pressure cranks. The tirma- 
tm’e is built up outside the revolving niagpets, with a clear- 
ance of ^ inch. It is of the slotted typo, and the coils aro 
former wound and easily removed shouhl ropaire bo nooossary. 
Each engine has its own Allis jot condenser, and at ilio time 
I visited the station these wore giving a lot of trouble. 
There is, however, an auxiliary ooudonsing plant of a 
different type and indoponJontly worked. Eor the excita- 
tion of the large gonorntois separate continuous current 
combined sets are provided, and others again for liglitiiio-, 
etc , in the works. ® 

Feeders . — The o,000 volt 3-pliaso current i.s taken out 
in foni^ separate 3-core cables. '^I’hese aro paper-insulated 
and lead-covered, and tested to 15,000 volts; two aro cuiTRid 
in each tunnel, and they are supported on brackets attached 
^ the tunnel rings and covered in by nn iron sbiold. 
There are three sub-stations— at Notting Hill Gate, Mtirblo 
Arch, and the General Tlio ooppor Bectlon of 

each cable is *1875 square inch up to the first sub-slation, and 
alter that 13 -125 square inch to the other two. In all tlioro 
are some 78 tons of copper used Jn tlioso high-tension cables. 

Substations — Each sub-station has sovoii stationary trans- 
formers, each of 300 kilowatts capacity, two rotatory con- 
verters, each of 900 kilowatts capacity, switch gear, and two 
blowers for foroing air through the static transformers. 
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These latber transform down from 6,000 volts to 330 volts ; 
the output of the converters is 900 kilowatts at 600 volts 
(continuous current) normally, the corresponding alternating 
input being 305 volts. The third rail is fed from the 
positive bus bars of the sub-stations, this rail being normally 
divided up into sections at these points. An’angements are 
made, however, by which all the line can be fed from any one 
or two sub-stations if repairs are going on. At each station 
there are electric lifts for taking passengers up and down 
to the line, and these, together with the lighting arrange- 
ments at the subterranean stations, are worked from the low- 
tension mains. Batteries are installed for use on these circuits 
when the power is cut off. 

Tha line . — A single tunnel runs down from the dep6t at 
Shepherd’s Bush to the working lines at the first station. 
In the tunnels the track-rails are of the bridge section shown 
in figure 53, while tlie insulated third-rail conductors are 



Figuro 63 -^O. L. Ri track rails. 

of inverted channel steol supported on special insulators 
of porcelain. There are some 14:^ miles of third rail and 



Figure 64,— C. L, R , third rail. 


9,000 of the insulators altogether. The third rail has * 
quadruple copper bonds at the joints, and each track-rail 
has duplicate bonds, one each side of the rail. 
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Tunnels and gradients . — I have already briefly described the 
way in which the Greathead tube system is worked for the 
tunnels. These are placed side by side as a rule, but in 
some cases one is vertically over the other. They are 1 1 
feet 6 inches in diameter, and while running level most of the 
way all the stations are super-elevated, in order to utilize the 
switchback principle at starting and stopping. The stations 
themselves are level, but in coming into them the trains have 
to run up an incline of generally 1'66 per cent., which helps 
in retarding. On starting, just outside the station there is 
a down grade of 3 ’3 per cent., which assists in getting up 
speed rapidly by invoking the aid of gravity. Thus 
excessive current at starting and excessive waste from 
braking at stopping are alike avoided, and the momentum of 
the train which is absorbed when rising into a station is 
ready to be given out again on the descending grade 
beyond, which results in very great economy. 

Rolling-sioch . — I have already given a brief description 
of the locomotives used (page 20). The four 117 H.-P. 
motors are mounted direct on the axles; but owing to 
vibration troubles, experiments are now being made ■with 
separate motors on each carriage of a train in order to 
distribute the load more evenly and to prevent the great jolt 
at present inevitable when running over a joint. The 
average current per train throughout the run, including 
stops, is 170 or 180 ampferes at 600 volts. As there are some 
22 trains in ser'vice at one time out of the total of 24, the 
average output from the rotatary convei-ters for running 
trains is about 4,000 amphres, and the lifts and lights 
at all the stations probably account for another 1,400 
amperes. The maximum total is about 8,000 amperes. 


High-peessuee, High-speed Expeeimentad Railway. 

Amongst other particularly interesting novelties shown 
to those of us who went to Germany last year, the experi- 
mental military railway took a high place. A short length 
of line was equipped near Berlin at Gross-Liohterfelde, 
chiefly for seeing how the overhead equipment worked at 
the high pressure used. The line was designed for a speed 
‘of about 35 miles an hour, but a further line is imder con- 
sideration on which a speed of 126 miles an hour will (it is 
believed) be attained. 
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The supply is 3-phase at 10,000 volts on tlie overhead 
line and a frequency of 50 cycles per second. Whore heavy 
traffic on ordinary lines of railway is to be electiically worked, 
a high rate of transmission of energy into the cars is neces- 
sary, and at the ordinary low preasm’o this would involve 
the use of very heavy trolley wires and the collection of very 
heavy cui’rents from them. If the employment of extra high 
pressure for the overhead line and the collection of current 
at this pressure on the car or locomotive does not entail too 
great expense and danger in comparison with stationary 
transformers along the line, it is obvious that there are great 
advantages, since the collection of a large current from a 
wire always offers difficulty, 

A voltage of 10,000 volts 3-phase is used, this being 
delivered direct to the locomotive, where it is transformed 
down before feeding the motors. The current is led alono- 
three overhead conducting wires slung in one vertical plane 
from posts; the lowest is 18 feet; the second 21|^ feet, and the 
third 24| feet from the ground. The insulators are attached 
to a somewhat loose vertical rope or chain about 1 1 feet long 
and attached to the top and bottom ends of a bow fastened 
to the upright post. The object of attaching them loosely 
is to give independent flexibility to the contacts with the 
three bow current collectors, which swing upon vertical 
hinged spindles on the roof of the locomotive. 



FIffure 66.’-*Conductor> on throe-phase hlgh-proiaure railway. 
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The actual collecting part of each bow is vertical instead 
of horizontal as usual, and the bows are placed one behind 
the other with a space between each, so that they have small 
chance of fouling one anothci’. The three overhead linos too 
are placed clear at the aide of the track, with a net running all 
along to catch a broken wire. The bows are made of alumi- 
nium to lessen their mass, and thus make them obey more 
quickly the spring pressure which thrusts them sidewise against 
the line conductors. Two static transformers, pei’iiianontly 
grouped in star-winding, and lying horizontally inside tlio 
locomotive, transform the current to the lower tension 
of 750 volts. The conductors down to the transforuiors are 
heavily insulated, and are led down inside an iron tube for 
protection, which, together with all the iron construclion 
of the locomotive, is well earthed. The locomotive carries 
two asynchronous three-phase motors, each of 30 normal and 
120 maximum horse power. These are geared to the driving 
axles in the ratio of 1 to 3*15, and as the wheels liave a 
diameter of 39 inches, this gearing gives at normal horse-power 
a speed of 60 kilometres (33 miles) per hour. The rail gauge 
is 4 feet 8^ inches; the wheel base 9 feet, and the total weight 
of the experimental locomotive 16 tons. The roof of the car 
carries three horn lightning arresters. The controller effects 
variations in the speed by changing the connections of the 
transformer secondaries. It makes star connection for full 
speed at normal horse-power, mesh connection for maximum 
horse-power, when a large tractive effort is required, and lor 
half speed places one of the secondary phases on open circuit. 

The starting and regulating rheostats are on tho secon- 
daries, and are of the sheet-iron type enclosed in sheet-iron 
cases. Hand-brakes as well as Westinghouse air-brakes are 
fitted, the two air compressors being motor driven. These 
motors are fed by current from a small auxiliary trans- 
former, giving out current at 1,000 volts. Tho high- 
pressure switches are ol the tube form and are placed in the 
roof of the oar. They are actuated by air pressure, making 
contact when the air is admitted and breaking it when the 
air is exhausted from the cylinders. The break is at two 
points, and, when fully opened, the two air gaps together 
have a total length of 12 inches. 

Now, as the feasibility of collecting at extra high 
pressure is proved, the new line for extra high speed also is 
beiog considered. The cars are already under construction 
and the collecting arrangements are to be very similar. 
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For the high speed of 125 miles per hour, it is intended 
to use 3,000 volts in the primaries of the motors during 
starting when these are connected in star-winding, and 
1,150 volts during normal running on a mesh-winding, the 
transformers on the car having a 5 to 1 ratio for reducing 
the extra high pressure. Earn motor will then have 250 
normal and 1,000 maximum horse-power, and will run at 880 
revolutions per minute, with a frequency of 45 cycles per 
second. The primary current is to bo led into the rotor, or 
revolving part of the machine, by three slip rings, and the 
secondary current is induced in the stator. 

For such a speed as is proposed it is essential that the 
track shall be laid with the utmost care, and the trucks also 
need to be specially designed. One was shown us in course 
of construction. 


London Teamwats. 

The whole of the tramways of London were until very 
recently worked by horses, with the exception of a short 
length of cable haulage up a steep hill. At present the 
London County Council are about to equip their linos 
electrically on the conduit system, and the London United 
Tramway Company have aheady started running some of 
their lines on the overhead system, while more are undergoing 
reconstruction. It is these latter that I will give a short 
description of. Some 7^ miles were running when I was 
there last year, stai-ting from near the Shepherd’s Bush 
terminus of the Central London Railway and running out 
to Kew Bridge- 

Power-houae , — Continental nations build their electric 
stations so that they are a pleasure to_ see, and they aro 
almost prodigal of space and ornamentation. In this respect 
the London tramways have rivalled them, for the power- 
station at Chiswick is a most handsome building. There 
are 10 Babcock and Wilcox boilers, each capable of evapo- 
rating 11,000 lbs, of water per hour at 150 lbs. pressure. 
There are automatic stokers and coal conveyers, the latter 
being used also to remove the ashes, and there is a Green’s 
economiser ; I have already described these. The chimney 
stack is of somewhat novel construction, being built of steel 
plates for the top 200 feet of its 260 feet total height. 
These are in the form of rings, lap- jointed and riveted 
together, and springing from a base plate of cast-iron bolted 
to the concrete foundations. 
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The o-enerating plant for running the lines near the power- 
station consists of two vertical cross-compound condensing 
Allis engines, with cyKnders 22 inches and 44 inches 
and 42 inches stroke running at 90 revolutions per minute. 
The flywheel weighs some 36 tons, and the actual speed 
variation does not exceed per cent, from no load to full 
load. Each engine is direct coupled to two 250 kilowatt 
continuous current generators, placed one on either side oi 
the flywheel. This is because it was intended at first to use 
the S-wire system, with 1,050 volts between the outers and 
the rails for the third wire, but this has been abandoned. 

For the more distant parts of this extensive system 3-phase 
transmission is to be used. There are in course of erection 
two 1 000 kilowatt sets and one 500 kilowatt set. These sets 
generate at 5,000 volts with a frequency of 25 cycles per 
second. The machines have revolving fields, excited from 
the continuous current bus bars. 

iSmMSoards.— The continuous current switchboard con- 
sists of four generator panels, two panels for 15 kilowatt 
negative boosters, eight feeder panels, a Board of Trade and 
an instrument panel. The high-tension board contains 
three 3-phase generator panels and eight 3 -phase feeder 
panels. The switches for the .high-tension side are placed 
in a separate chamber and are operated by levers from the 
switchboard. 

T/ie lines . — Only a short length of line is actually running 
yet, and this is nearly all span wire work. The side poles 
are of three grades, able, when set 6 feet in the ground, to 
stand strains of 700 lbs., 1,000 lbs., and 1,500 lbs. respect- 
ively, applied 30 inches from the top, with a temporary 
deflection of not more than 6 inches. The trolley wire is 
hard-drawn copper wire No. 0 S.W.GI-. The maximum 
worlang stress will not exceed 2,000 lbs. and the breaking 
strain is 6,000 lbs. There are 42 main feeders, paper 
insulated and lead covered and on the draw-in system, all 
being in duplicate. There are distributing or sub-feeders 
in parallel with the lines throughout, feeding tho half-mile 
sections and themselves fed about every 1^ miles. Return 
feeders of ^square inch section run back from two points to 
the boosters. The lead covering of all the cables is connected 
to the track and the metal pipes. The rails are grooved 
girders weighing 92| lbs. per yard, and each pair of fish 
plates weighs 92| lbs. Double bonds No. 0000 Brown and 
Bharpe gauge are used, with cross bonds every 40 yards. 
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GOVERNMENT OP INDIA 
ELBOTBIO LIGHTING AND TEAOTION BtTLES. 

XJUDBR 8BOXION 4 OF AOT XIII OP 1887. 

Beviaed IWi July 1901, 

Noib. — ^T hese roles liaye Boperseded botli the Goreniment of India roles of 
3rd Deoemher 1897 and the “A" regulations of the GoTernment of Bengal, dated 
16th Pehruary 1898. 

Pbbliminabt. 

1. In these rules, unless there is anjtbmg 

Difinitlons. repugnant in. the subjeot or context, — 

(1) the expression “current” means an electric current exceeding 
one-thousandtn part ot one amp4re ; 

(2) the expression “electric supply-line” means a wire or wires, 
conductor, or other means used for the purpose of conveying, trans- 
mitting, or distnhuting, energy for light or power, together with any 
casing, coating, covering, tube, pipe or insulator enclosing, surrounding 
or supporting the same or any part thereof, and any apparatus connect- 
ed thOTewith for the purpose of conveying, transmitting or distributing 
energy or electric currents for light or power; 

( 3 ) the expression “energy” means electrical energy expended at 
a rate greater than one watt ; 

(4) the expression “street” includes any way, road, lane, square, 
court, tdley, passage or open space, whether a thoroughfare or not, 
over which the pubho have a right of way, and also the roadway and 
footway over any public bridge or causeway ; 

(6) the expression “undertakers” means tlie person ot persons 
undertaking the busineass of supplying energy or intending to use 
energy for any public purpose or in any place such as is referred to in 
section 3 of the Indian Electricity Act, 1887 ; ^ 

(6) the expression “main” means any electric supply-line, which 

may be laid down by the undertakers, in any street or public place 
and through which energy may be supplied, or intended to be_ supplied 
by .^e undertakers, for the purposes of general supply, and indudes a 
feeder and a distributing main; _ 

(7) the expression “feeder” means a portion of any main used to 

convey energy from the source of supply to the point or points where 
it is distributed for use ; 

(8) the expression “distributing mam” means the portion of any 
jx ni.jn which u used for transmitting energy to service lines for the 

purposes of general supply ; ^ ... 

(9) the expression “service line means any eleotno firupprj^-line 
through which energy may he supplied, or intended to be_ supplied by 
the undertakers, to a oousumer either from any main or directly from 
the premises of the undertakers ; 
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(10) the expression “ont-out^^ means any appliance for interrupting 
the transmission of ener^ through any conductor when the current 
nses above the amotint which the oonduotor is intended to transmit 
and includes a safety fuse or other automatic disconnector ; 

(11) the expressions “transformer/^ “transformed’’ and “trans- 
forming ” are used in relation to any appliance by means of which 
electricity of higher potential is converted to electricity of lower poten- 
tial, or mce mrik ; 

(12) the expression “ consumer’s wires ” means any eleotrio con- 
ductors on a consumer’s premises which are connected with the eervioo 
lines of the undertakers at the consumer’s tennmols ; 

(13) the expression “ aerial Ime ” means any electric supply-line 
which is placed above ground and in the open air ; 

(14) the expression “ pressure ” means the difforonre of Glootrio 
potential between any two conductors through whioli a supply of energy 
is given, or between any part of cither oonduotor and the earth ; 

(15) the expressions “ pressure,” “high pressure” and “extra 
high pressure ” are used in relation to eleotrio supply-lines, conductors, 
circuits and apparatus according to the conditions of the supply deli- 
vered through the same or particular portions thereof ; 

(16) where the conditions of the supplv are suoh that the proagure 
may at any time exceed 600 volts, if ooutinuous, or 260 volts, if alterna- 
ting, but oonnot exoeeed 3,000 volts whether ooniinuoua or alternat- 
ing, the supply shall be deemed to be a “ high pressure supply; 

(17) where the conditions of 1 he supply are suoh that the pressure 
may, on either system, exceed 3,000 volts, the supply shall be deemed 
to be an “ extra higli pressure supply ; ” 

(18) the expression “genprator” means the dynamo or dynamos 
or other electrical apparatus used for the generation of energy; 

(19) the expression “ motor ” means any oleolric moior used for 
the conversion of euergv ; and, 

(20) where these rules req^uire any motallio body to bo “offioiontly 
connected with earth, it shall be oonnented with the gfmeral moss of 
earth in suoh manner as will ensure at all times an immediate and safe 
discharge of energy. 


PnOTBCTION OF PeRRON AND PuorKKTY. 

2. (1) Whenever notice has been given by the undertolcors under 
Entry and inapectioiL SGoti^ 3 of the Indian Electricity Act, 1887, 
. . _ District Magistrate or, in a Prosldonoy-town, 

the Oommissioner of Police, shall, on receiving suoh notice, forthwith 
report the oiroiimatanoe to the Local Government, and tlie Local Gov* 
ernment may thereupon authorize any officer to enter, inspect and 
examine ^y place, carriage or vessel in which the officer has reason 
to beiieve that there are any appliances or apparatu>^ used in the gonera- 

aod any building or place to or in wliioh 
electricity is being, or is to be, supplied or used. 

^dert-akers shall afford at all times all reasonable facilities 
tx) any officer, duly authonzed by the Local Government, to make suoh 
inspections and tests as may bo necessary to ensure the duo ohservanoo 
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of the rules hereinafter contained, and shall, if and when required, 
forward to such officer all records of tests bezeinalter specified to be made 
and recorded. 

3. The Local Govemment shall, if necessary, instruct the District 

Magistrate, or, in a Presidency-town, the Oom- 
eiootrio sxip- miagioner of Police, as to the streets in which 
overhead electric supply-hues are not to be allow- 
ed, and the undertakers shall attend to any oiders of such officer 
in tliis respect. 

4. The undertakers shall provide all means for testing the 

appliances or apparatus used in the generation of 

Tostine .ppU^xoos, oto. 

5. The pressure of a supply delivered to any one consumer shall not 

exceed 2C0 volts at any two terminals, within six 
ooMumws ^ feet of each other, and not under the sole ooutrol 

of the undertakers, except with the express ap- 
proval of the Local Government, whioh shall be given oniy for special 
purposes on the joint application of the consumer and the undertakers 
and subject to suoh further condition as the Local Qovernuieufc may 
prescribe. 


6. The pressure of a supyjly delivered to a transforming station or to 
a transforming apparatus on a consumer's premisi^s 
“ay 260 volts, but shall not oxooed tho 

hunts of high pressuro. 


7. An extra high prossiu’o supply shall uot he delivered, except 

to distributing stations or other premises in the 
Limitationa of extra high Occupation of the undertakers, and then only 

preeaure supply the written oousent of the Local Govern- 

ment and Bubjeot to such further oonditious as that Govermneut may 
presorihe. 

8. The TYiftTiTniTm working current in a oonduotor shall not be 

Buffioient to raise the temperature of the oon- 
Maximnm ourroiit m qj . any part thereof, to suoh an extent as 

COB no ora. materially alter the physical _ condition or 

spedflo rc-sistanoe of the insulation oovoring (if any) or in any oose to 
raise snob temperature to a greater extent than 33“E\ The oross-seo- 
tioual area aud oouduotivitv at joints shall be sufficient to avoid local 
heating, and the joints shall be protected against corrosion, 

9. The scotiouol area of the oonduotor in an elootrio supply -line 

laid or erected in auy street after the oonimenoe- 
Minimum size of oou- ti^ggf juIqb ai,all not he less than tho 

"" area of a oirole of one-tenth, of an inch diameter, 
and, where the oonduotor is formed of a strand of wires, each separate 
wire, shall he at least as large aa No. 20 standard wire gauge. 

0,0. All material used for insulating eleotrio supply-lines or appara* 
- . . tus shall he of the best quality and thoroughly 

tim® durable and effioient with regard to the oonditious 

rials. of its use. Suitable provision shaU be made for 

the protection of the insulating materifll against injury or removal, 
and, if the protection so provided is wholly or partly metallic, it shall 
be efficiently connected with earth. 
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11. Ereiy main be tested for insulation after having been 

placed in position and before it is used for the 
purposes of supply, tne testing pressure being at 
least the declared working pressure, and the undertakers shall duly 
record the results of the tests of each main or seotion of a main or 
distributing main, 

12. (1) The insulation of every complete ^ouit used for the 
supply of energy, including all inaohinery^ 
apparatus and devices forming part of, or con- 
nected with, Buoh circuit, shall be so maintained 

that the leakage current shall not under any conditions exceed one- 
thousandth part of the maximum supply current. Suitable means shall 
be provided for the immediate indication and localisation of leakage, 
and every leakage shaU be remedied without delay. Every such circuit 
shall be tested for insulation at least once in every week, and the under- 
takers shall duly record the results of each test. 

(2) Nothing in this rule shall apply to the use of energy generated 
upon premises occupied by the person using the same, or, where the 
Local Q-ovemment has approved of any part of an electric circuit being 
connected with earth, to that circuit so long as Buch connection exists. 

13. Within the limits of a muuioipality, and elsewhere within 

such limits as may be prescribed by the Local 
oouduotor (iovemment, every high pressure conductor laid 
after the commencement ox these rules shall be 
continuously covered with inaulatinff material of requisite thickness. 
When the material used is India-rubber, it shall be not less than one- 
tenth part of an moh in thickness and in coses where the extreme differ- 
ence of potential in the circuit exceeds 2,000 volts, the thickness of 
such insulating material shall not be less in inches or parts of an inch 
than the number obtamed by dividing the number expressing the volts 
by 20,000, 

14. No high pressure circuit shall be brought into use unless the 

insulation of every part thereof has withstood the 
*h application during one hour of pressure 

pramre oirouit!^^ * exceeding the marimum pressure to which it is 
. intended to be subjected m use ; that is to say, 

m the case of every electric supply line, a pressure twice the said maxi- 
mum pressure, and in the case of every machine, device or apparatus, a 
pressure 60 per cent, greater than the said maximum pressure. The 
undertakers shall duly record the results of each test. 

16. Every high pressure electric supply -line, conductor or other 
apparatus shall be protected by a suitable auto- 
quick-acting out-out : 

for hifirh pressure eleotno i.i. ii j. 1 . i 

■uppiy-huea, eto. Jrroviaecl tnat it snail not be incumbent upon 

the undertakers to provide such a cut-out for the 
outer conductor of a oonoentrio main which is, with the approval of the 
Local Q-ovemment, efficiently connected with earth. 

16. In every case in which a high pressure supply, is transformed 
BufAfvT ^ ^ purpose of supply to one or more con- 

Burners, some suitable automatic and quick-acting 
means shall be provided to protect the consumer's 
wires from any accidental contact with, or leakage 
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from, the high pressure system, either within or without the transform- 
ing apparatus. 

17. A high pressure eleotrio supply-line shall not he used for the 

transmission of more than 300,000 watts, exoept 

*^6 Looal Govem- 

fmea. ment, and_ emoient means shall be provided to 

prevent this limit being at any time exceeded. 

18. Where any portion of an eleotrio supply -line or any support 

for an eleotrio supply-line is exposed in such a 
^oteotion from light- position as to be iWe to injury from lightning, 
it shall he efficiently protected against suSx 

injury. 

19. The undertakers shall give immediate notice to the Local 

Aocid«ixtgtobe roported. G^v^nment of the ooourrenoe, at any part of an 
eleotno supplj^-line or work of any accident by 
explosion or fire or of any other accident causing or likely to cause loss 
of life or personal injury. 


Abbial Lines. 


20. Where the use of aerial lines has in any case been sanctioned, 

the Local Government may, with due regard to 
conditions, determine the maximum 
limit of power which is to be transmitted by any 
such line or system of lines carried on a single alignment of supports 
in any street, and efficient means shedl be taken to prevent this limit 
being at any time exceeded. 

21. Bvery aerial line shall be atiaobed to supports at intervals not 

exceedmg 200 feet, where the direction of the 
Maximum intervals is straight, and 160 feet, where the direotion 

the line makes a horizontal 


between .upports. ^ is ourved or’where 
angle at the point of support : 

Provided that the 


Local Government may, by order in writing, 
permit any modification of this rule which it oonsiders necessary by 
reason of local conditions. 


22. Every support of an aerial line shall he of a durable material, 
and properly stayed against forces due to wind 
Oonstruotion and ereo- pressure, change of direction of the line or tui- 
tion of supports. equal lengths of span. The factor of safety shall 

be for aerial lines and suspending wires at leeist six, and for all other 
ports of the structure at least twelve, the maximum possible wind 
pressure being taken at SOlbs. per square fuot. No addition need be 
made for a possible accumulation of snow. Every support, if of metal, 
shall be efficiently connected with earth. 

28. Aerial hnes, other than troUey wire for tramcars, cranes or 
other appliances taking power from rubbing con- 
Attachment of aerial taots, shftU be attached to insulators, and shall be 
60 guarded that they cannot fall away from the 
support* Gonduotors covered with insulating material shall be attached 
to the insulators by such means as shall prevent the insulation being 
damaged. 
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24. (1) Except as otherwise direotcd in rules 74 and i 5, no part 

of any aerial line shall be at a less uciglit from 
Heiffht from ground t}i 0 ground than 1 ^^ feetj or whore it orosBos a 
and aj^noe from build- within 5 feot measurod hori^jou- 

^ tally or 7 feet measured vuiticolly from any build-* 

ing or erection other than a support foe the line, unlosH it has boon 
brought into a building for the purpose of supply : 

Provided that the Local Government may, by order lu writing, 
permit any modification of this rule which it considers uooGssary- 

(2) Except with the approval of the Local Govornmoiit anil of tlio 
telegiaph authority, aenal lines shall bo earned along only ono aide of a 
street. 

(3) Nothing in sub-rule (1) shall apply to the use of energy gone- 
rated upon premises occupied by the person using the samo. 

25. ( 1 ) Service linos from aerial lines shall he led as directly as 

possible to insulators firmly attaohod to some 
Service lines from portion of the consumor’s preiuiscs and at a dis- 
aeiiai lines. , tsjice not less than 5 foot therefrom. Suoh ser- 

vice hnes shall not he accessible to any person without the uso of a 
ladder or other special appliance, and from this point of attaohmeut 
they shall be enclosed and protected in aooordanoe with the ruloH liorom- 
after contained as to eleotiio conductors on the consumer's promisos. 

(2) Nothing in this rule shall apply to the use of energy generated 
upon premises occupied by the person using the same. 

26. ( 1 ) Where an aerial line crosses a street, the angle between 

the line and the direction of tlio street at the 
Angle of orosaing piaoe of Crossing shall not be Iobh than 60®, 
thoioufihfaroB. exoGods 80 feet, n 

support shall he erected on each side of it, and the space betwoon such 
supports shall be as short as practicable. 

( 2 ) Nothing in this rule shall apply to energy 

generated upon the premises oooupied by the 
person using the same. 

27. "Where an aerial line crosses, or is in proximity to any metallic 

Crossing wiie ©to. Bubstanoe, adequate precautions shall be taken by 

* ' the undertakers against the possibility of the line 

coming into contact with the metallic substance or of the motallio sab- 
stance coming into contact with the line by breakage or othei*wise. 

28. Every high pressure aerial line required by lule 13 to be oon- 

Buspendiug wires. tinuouflly ooveied with insulating materials shall be 

efficiently suspended by means of insulating liga- 
ments to suependiog wires, so that the weight of the line may not 
produce any sensible stress in the direction of its length. All suspend- 
ing wires, if of iron or steel, shall be galvanisei 

29. In the case of any hiph pressure aerial line exceeding one-haU 

of a mile in length, means sliall be provided 

whereby the pressure may be discharged from any 
° ° * portion of the line erected over, or abmgoido of, 

any building or buildings without loss of time in case of fire or other 
emergency. 
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30. Every aerial lino, inoluding its supports and all tho structural 
Maintenanoo parts and eleotrioal appliances and devices belong- 
ing to, or connected with, the line, shall be dulv 

and efficiently supervised and maintained as regards both eleotrioal and 
mechanical conditions 

31. High pressure and low pressure aerial lines shall in no case be 

carried on the same supports within the limits of 
High preRBura and low a municipality, and outside such limits shall be so 
ai7o“!S^on^8ame^pportl>. oarned Only with the special permission of the 
Local Q-overnment, Wherever a high pressure 
aerial line crosses a low pressure aerial line, or mce mrsd, the provisions 
of rule 27 shall apply. 

32. An aerial line shall not be permitted to remain erected after it 

has ceased to be used for the supply of energy, 
Unuped aorini lines to unless the Undertakers intend within a reason- 
e remove . again to take it into use. 


Electhtc Supply-lines other than Aerial Lines. 

33. All conduits, pipes, casings and street-boxes used as receptacles 
for electric supply-lines shall be constructed of 
Conrtruc^on of roocp- durable material, and, where laid under oarnaffe- 
linos. ways, shaU be ox sufficient strength to prevent 

damage from heavy traffic; and reasonable means 
shall be taken by the undertakers to prevent the accumulation of gas 
in such receptacles. 

3t. Where an eleotrio supply-line crosses, or is in proximity to, 
Oroadng pipes, etc. any motttllio Bubstanoe, special preoautions eliall 
be token by the undertakers against the possibility 
of any eleotrioal discharge to the metallic substance from the line or 
from any metal conduit, pipe or casing enclosing the line. 

36. All metol conduits, pipes or casings containing any eleotrio 
supply-line shall be efficiently connected with 
earth, and shall be so jointed and connected 
cflBiDga, across all street-boxes and other openings as to 

make good eleotrioal connection throughout their 

whole len^h. 

36. Where isolated lengths of metal conduits, pipes or casings are 

used for the protection of any eleotrio supply-line 
irX atroad <jroBBmgsor in similar portions, Bpeoial 
of pipes, etc. precautions shall be taken to prevent the possibili- 

ty of any eleotrioal charging thereof. 

37. (1) Where the conductors of eleotrio supply-lines placed in any 
Preonution to be taken oonduit are not ooutinnously covered with insulat- 

when baro oonduotora are iug material, they shall be Secured in position, 
and no unfixed uninsulated material of a conduct- 
ing nature shall he contained in the conduit. No such conductor 
shall be at a higher potential than 300 volts. 

(2) Adequate preoautions shall also be taken to ensure that no 
accumulation of water shall take place in any part of the conduit, and 
to prevent any dangerous access of moisture to the conductors or the 
insulators. 
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(8) In the ease of any such eleotrio supplj-Hnee laid in conduits 
after the oommenoement of these rules, the insulators shall be so dis- 
posed that they can be readily inspected. 

88. Every portion of a mgb-pressure eleotrio supply-line placed 
Bigh-presmire eleotrio ^bove the Bi^ace of the grouud, or in any sub- 
Bup^y-imea laid atove way not in the sole oocTupation 01 the undertakers, 
shall be completely enclosed either in a tube 
of highly insulating material embedded in brickwork, masonry or 
cement concrete, or in a strong metal casing efficiently connected with 
earth. 

39. Where a high-pressure eleotrio supply* line is laid beneath the 
surface of the ground, efficient means shall be 
taken to render it impossible that the surface of 
baUj to other eleotrio the ground or ony neighbouring eleotno supply- 
BuS^e'^of ^he mimd conductor shall heoome charged by leakage 

® ° ’ therefrom. 


Btmet-Boxbb. 

40, In addition to the proTisions contained in rule 33 as to the 
^ oonstruotion of reoeptaoles for eleotrio supply- 

street- oxes. lines, the following rules shall be observed with 

respect to the oonstruotion of street-boxes : — 

(a) The cover of every street-box shall be so secured that it 
cannot he opened except by means of a special appliance, 
(i) The covers of all street-boxes ooutaining high-piessure 
apparatus other than cables shall be connected with strips 
of metal laid immediately underneath the adjacent 
roadway, and efficient means shall be taken to render 
it impossible that the covers or other exposed parts of 
such boxes, or any adjacent material forming the surface 
of the street, shall become electrically charged, whether 
by reason of leakage, defect or otherwise. 

(a) Wiiere street-boxes are used as transformer chambers, 
reasonable means shall be taken to prevent, as far as 
possible, any influx of water either from the adjacent 
soil or by means of pipes ; and in the oase of any such 
street-box e?:oeeding one oubio yard in capacity, ample 
provision shall be made, by ventilation or otherwise, iEor 
the immediate escape of any gas which may by accident 
have obtained access to the box, and for the prevention 
of danger from sparking. 

(df) Every street-box shall he regularly inspected for the 
presence of gas, end, if any influx or aooumulation is 
discovered, the undertakers shall give immediate notice 
to the authority or company whose gas mains are laid in 
the neighbourhood thereof. 


Teansfobming Stations. 

41. Transforming stations, or points, which are in a system of 
distribution wherein a high-pressure supply is 
^ transformed for the purpose of supply to consumers, 
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and ■which are not on a consumer’s premises, shall bo established in 
suitable places in the sole occupation and charge of the undertakers. 

Consumer’s Premises. 

42. The undertakers shall be responsible for all electric oonduotors, 
EosponaibiUty of nndor. fittings and apparatus belonging to them or 

takera for tUoir oonduo- nnaer thoii’ oontiol, 'wliioli luay be upon a consum- 
pwiiaM.’ er’s premises, bemg maintained in a safe oondi- 

tion and in all respects fit for supplying energy. 

43. In deliyering the energy to a oonsumer’s terminals the luiAer- 

Pire nflk. takers shall exeroiso ^ all due preoautions so as to 

avoid risk of oausing fire on the oonsumer’s 

premises. 

44. A suitable safety fuse or other automatio disoonneotor shall 
Mam fuaea or diaoon- inserfod in oaoh servioe line within a oonsumer^s 

neotoia to bo pi ovidod in premises as close os possible to the point of entry 
00 0 reoop lo oa Tjontainod within a suitable locked or sealed 

reoeptaolo of fire-proof construotion tliroughout, and shall be under the 
sole control of the uudertukers, except in cases where the servioe hue is 
protected by fuses at the point of oouneotion to the distributing main. 
If the reoeptaole is of poioelain or other substanoe liable to be easily 
broken, it shall be suitably protected iigainst injury, and snob protection 
sliuU also be fire-proof, 

40. All electric oondiiotors find apparatus placed on a consumer’s 
Troatmont of oie^itvio premises shall be highly insulated and thoroughly 
oonduotors and apimpitiiH pruteotod agoinst iujurv to the insulation or 
on oonaumoi s prom sea. moistiire, Olid any motal forming part of 

the ehotrlo oirouit shall not, unless eflioiently connected wilii earth, 
be exposed BO that it nan be touched. All electric oonduotors shall be 
BO fixed and protected as to prevent the possibility of electrical discharge 
to any adjacent metallic siibhtanoo. 

46. Where the general supply of energy is a high-pressure supply 

Tinnafomiei-a and hiKb- transfoiming apparatus 18 installed on a 

piowiuro mipariitaB to bo consumer’s premises, the whole of the high-pressure 
eucioaod xii nietai.^ servioc liuos, oonduotors and apparatus, including 

the transforming apparatus itself, so far as they ore on the oonsumor’s 
premifles, shall be completely enclosed in solid walls or m a strong metal 
casing offioioiitly connected with eailih, and shall bo seonroly fastened 
throughout, 

47. The undertakers shall not connect the wires and fittings on a 
Connootions to consum- oonsumer’s premises of their mains, ualees they 

era not to bo mndo whoro ate reasonably satisfied that the connection will 
loBkaipj would rosuib. oaiisG a leakage from those wires and fittings 

exceeding one ten-thousandth part of the maximum supply ourreut 
to the oonsumer’s premises; anil, whore the undertakers deoline to 
make such a oonneotion, they shall serve upon the consumer a notice 
stating their reasons for so deolining, 

48. ( 1 ) If the undertakers are reasonably satisfied, after making 

DiBoontinuance of supply ^11 proper examination by testing or otherwise 
on disGOTor;^ of loai^ge that a leakage exists at some pBj:4 of a oirouit 
on ooufluinor’B premia^s, extent OS to be a sourcG of danger, and 

that such leakage does not exist at any part of a oirouit belonging to 
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tlie undertatera, then and in suoli case any person authorised in writing 
by the undertakers in that behalf, or, on the application of the under- 
takers, an officer anthoiised under rule 2, may, for the puipose of 
discovering whether the leakage exists at any poi’t of a circuit within 
or upon any oonsumei’s premises, after giving the consumer reasouable 
notice in wntiog, inspect and test the wires aud fittings belonging to 
ths consumer and forming part of the oironit, 

(2) In any case m which the undertakers obtain tho aorvioes of an 
ofiBoer uoder this rule, they shall pay him such fuo as the Looal Govern- 
ment may fix in that behalf. 

(3) if, on testing in the manner referred to in sub-nil e (1), suoh 
person or officer as aforesaid discovers a leakage from the consumer’s 
wires exoeedmg one ten-thousandth part of ihe muximum supply 
ourreot to the premises, or if the consumer docs not gu o all due 
facilities for inspection and testing, the undei takers shall forthwith 
discontinue the supply of energy to the premises in question, giving 
immediate notice of the disoontmuance to the oonsumor, and shall not 
recommence the supply until they are reasonubly saiisfied that the 


leakage has been stopped. 

49. (1) If any consumer is dissatisfied with tlio action of the 

undertakers m refusing to give or in disoontmuiug 
^ reeommenoinff tho supply^ of energy to 
his premises, the wires and httmgs of snob 
consumer may, on his application and on payment of tho prescribed fee, 
be tested for the existence of leakage hy an officer aulhoiized under 
rule 2. ^ 


2. This rule shall be endorsed on every notice given under the 
provisions of either of the two last foregoing rules. 


A no Lighting, 


60. All arc lamps shall be so guarded as to prevent pieces of 

Are Ump, to bo gxinrded. 

and snail not be used in situations where there 


is any danger of the presence of explosive dust or gas, 

61. Arc lamps used in any street for public lighting shall be so 

, than ten feet from tlie gromid. A.o lamps UBO.l 

in any street for private lighting shall be fixed bo as not to lie any whore 
at a less height than eight toet from the p round, tind shall bo so 
screened as to prevent risk of oontaot with persons. 

52. An isolation swiloh, fixed in a suitable looked receptiinlo, shall 
Loiations^toh. provided for every ore lanm on any high- 

pressure eleotno supply-hne, ancl the switch shall 
be of suoh pattern aud construction as will provide — 


(а) that the lamp can by its means be entirely disoonueoted. 

from the supply circuit ; 

(б) that the switch itself can be safely worked in the dark with- 

out special precautions ; and 

(c) that there shall be no danger of any injurious electrical 
arcing, sparking or heating being caused by tho 
operation of the switch. 
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Rules fob Blectbio Teaotion (Continuous Ouhbekt). 


63. Any dywamo used as a generator shall be of snob pattern and 
ContmuouB omrent. construction as to be capable of produoing a 
continuous current without appreciable pulsation. 

64- One of the two conductors used for transmitting energy from 
geuerutor to the motor and hereinafter 
referred to as the*“ line ” shall be in every case 
insulated from earth, The other, hereinafter referred to as the 
“return,” may be insulated throughout, or may be uninsulated in such 
parts and to such extent as is provided in the following rules. The 
suspended conductor from which energy is transmitted into any oar is 
hereinafter referred to as the “ trolley wire.” 

56. Where any rails on which oars run or any conductors laid 
- , ^ ^ » between or within three feet of suoh rails form 

any pai't of a return, such port may be unmsu- 
lated. All other returns or parts of a return shall be insulated, 
unless of suoh seotional area as will reduce the difference of potential 
between the ends of the uninsulated portion of the return below the 
limit laid down in rule 69 

50. When any uninsulated conductor laid between, or within 
_ , ^ ^ » three feet of, the rails forms any part of a return, 

on mg o e ui’n. eleotrioolly connected to the rails at 

distances apart not exceeding 100 feet by means of copper strips having 
a seotional area of at least one-sixteenth of a square inch, or by other 
means of equal conductivity. 

67. (1) When any part of a return is uninsulated, it shall be 

connected with the negative terminal of the 
and negative generator, and in suoh case the negative terminol 

• of the generator shall also be directly connected, 
through the current indicator hereinafter mentioned, to two separate 
earth connections which shall be placed not less than twenty yards 
apart. 

Provided that in place of suoh two eaith connections the undertakers 
may make one connection to a main for water-supply of not less than 
three inches, internal diameter, with the consent of the owner thereof 
and of the person supplying the water. 

Provided, also, that where, from the nature of the soil or for other 
reasons, the undertakers can show to the satisfaction of an officer 
appointed under rule 2 that the earth oonneotious heroin specified 
cannot be constructed and main tain ed without undue expense, the 
provisions of this rule shall not apply. 

(2) The earth connections reieiTed to in this rule shall be oon- 
struoted, laid, and maintained so as to secure electrical contact with the 
genei'al mass of earth, and so that the resistance from one earth oonneo- 
tion to the other through the earth shall not exceed 2 ohms, and a test 
shall be made at least once in every month to ascertain whether this 
requirement is complied with, 

(3) No portion of either eailh connection shall be placed within six 
feet of any pipe, exeoept a main for water-supply of not less than three 
inches internal diameter, which is motaUioally connected to the earth 
connections with the consent of the persona hereinbefore specified. 
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injuriouB afEeotion, ■whetlier by indaotiou, or otherT^ise, to suoh tele- 
graph lines or the ourrrenta therein. 

(2) Where dny question arises as to whether the undertakers have 
oonatruoted their electric supply-lines or other works, or worked their 
undertaking in contravention of this rule, it shall be determined by the 
Local Government, and the underiakers shall be boutjd to make any 
alterations in, or additions to, theu' system which may be diieoted 
by the Local Government. 

84. If any telegraph line referred to in ru^e 83 is infuriously 
aneoted by the construction by the undertakers 


Undert^keri to bo thoir eleotrio Bupply-lines and works or by the 
graph working of the undertaking: by the nmlertakera, 

the undertakers shall pay the expense of all suoh 
alterations in such telegraph lines as may be necessary to remedy such 


injurious afTection. 


Explanation . — A telegraph line shall ho deemed to he injuriously 
affected -by an not or work, if telegraph communication by means of 
such line is, whether through induction or otherwise, in any manner 
afleoted by suoh act or work or by any use made of snob work. 


85. Before any eleotrio supply-line is laid down or any act or 
work in oonneotion therewith is done within 10 
«„thX yards of any part of a telegrapli lino (other than 

and oomplianao with tele- repairs Or the lajins 01 linos OlOBBing suoli 
graph roiiuirements. telegraph line at right angles at the point of 
shortest distance and bo continuing for a cGstanoo of six feet on each 
Bide of suoh point), the undartakoi’s ehall, not more than 28^ nor less 
14 days before oommenoing the work, givo notice in writing to tho 
telegraph authority, specifying tho course of the line and the nature 
of the work, including the gauge of any w'ixo, and the undertakers 
shall conform with suoh reasonable requirements (either general or 
speoial) as may from time to time be made by the telegraph authority 
for the pui-poBo of preventing any telegraph line Irom being 
injuriously aiEeoted by tho said aot or work. 


86. Where any 

Sottlemont of differon* 
cea butwoon tolograph 
anthonty and undor- 
tfikoi'a. 


difference arises between the telegraph authority 
and the undertakers with respect to any require- 
ments of the telegraph authority, it shall be 
referred to the Local Government for decision, 
and the orders of the Local Government thereon 


shall be final. 

87. Nothing in tho four lost foregoing rules sliall apply to any 
case in which tho undertakers can show that the 
«i^r°eno immediate doing of tho act or execution of the 
cmeigenoy, work was required to avoid an accident, or other- 

wise was a work of emergency, and that they forthwith served on tho 
officer in charge of the Ocntrol Government 'Telegraph Office at the 
town or station where the act or work was done a notice in wrifing of 
the execution thereof, stating tlio loason fordoing or executing the 
the same without previous notice. 
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68. (1) Where the return is partly or entirely uninsulated, the 

Earth return ourient. undertakers shall, in the oonstruotion and maiuton- 
anoe of a tramway — 

{a) so separate the uninsulated return from the general mass of 
earth and from any pipe, matallio structure or substance 
in the vicinity, 

(i) so connect together the several lengths of the rail, 

(0) adopt such means for reducing the diflerouoo produced by* 

the current between the potential of the uninsulated 
return at any one point and the potential of the unin- 
sulated return at any other point, and 

(rf) so maintain the effloienoy of the earth connections specified 
in the preceding rules 

as to fulfil the following conditions, namely — 

(1) The^ current passing from the earth connections througli tho 

indicjator to the generator shall not at any time exceed 
either two amperes per mile of single tramway line or 6 
per cent, of the total current output of the station. 

(»0 If at any time and at any place a test is made by conneot- 
ing a galvanometer or other current indicator to tho 
uninsulated return and to any pipe, raetallio struoturo or 
substance in the vicinity, it shall always bo possiblo to 
reverse the direction of any current indicated by iiitor- 
posing^ a battery^ of three Leclanohe colls oonneotod m 
series if the direction of the current is from the rrtnni 
to the pipe, metallic struoture or substance, or by inter- 
posing one Leclanohe cell if the cuiTent is in tho reverse 
direction. 


(2) In order to provide a continuous indication that the condition 
specified^ in clause^ (a) is complied wiih, tho uiidortakors shall place in 
a oraspiouous position a suitable, properly-connected, and oorrootly- 
marked current indicator, and shall keep it oonneotod during the wIaoIg 
time that the line is charged. 

. . ® owner of any pipe, metallic structure or siibstanoo in the 

yioimty of an uninsulated return may, in respect of tho same, require 
the ^dertakers at reasonable times and intervals to ascertain by tost 
m hiB presence or in that of his representatives that the oondilious 
spcoiiied in olause (n) are oomplied with. 

69. Where the return is partly or entirely uninsulated, a oontin- 
« i. 1 record shall bo kept by the undertakers of 

on return. ^ the difference of potential during the working of 
n . , . « tramway between the points of the uninsulated 

return lartbest from and nearest to the generating station. If at any 
time such ^fferenoe of potential is found to exceed five volts, the under- 
takers sh^ mereafter make a daily report to the Local Government, 
or to such ofnoer as the Local Government may authorise in this be- 
j i. 1 . 1 • previous day’s test, and if at any time it 

exoee^ the limit of seven volts, the undertakers shall take immediate 
steps to reduce it below that limit. 
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Provided that the Local Government may, in its discretion, modify 
the provisions of this rule in localities where it is unnecessary to enforce 
them : 

Provided, also, that the limit of seven volts shall in no case he con- 
sidered a figure to be worked up to in calculating the fall of potential 
due to the full conductivity of the return. 


60. Every electrical connection with any pipe, metallic structure 
^ ^ or substance shall be so arranged as to admit of 

Oounootion witli pipos# t, xi-. 

easy examination, and snail be tested by the 
nndeitakers at least onoe in every three months. 


61. 


Isolation of sootiona. 


The line wire shall be divided up into sections not exceeding 
(except with the written approval of the Lood 
Government) one-half of a mile in length, between 
every two of which shall be inserted an emergency switch, which appa- 
ratus shall be so enclosed as to be inaccessible to pedestrians. 

62. The insulation of the line and of the return when insulated 
and of all feeders and other conductors shall be 
so maintained that the leakage current sbcdl not 
exceed one-hundredth of an ampere per mile of tramway. The 
leakage current shall be ascertained daily before or after the hours of 
running when the line is fully charged. If at any time it is found 
that leakage current exceeds one-hcdf of an ampere per mile of tramway, 
the leak shall be localised and removed as soon as practicable, and the 
running of the cars shall be stopped unless the leak is localised and 
removed within twenty-four hours : 

Provided that this rule shall not apply where both line and return 
are placed within a conduit. 


63. 


iDsulation. 


The insiilotion resiatanoe of all oonMnuoualy insulated cables 
used for lines, for insulated _ returns, for feeders, 
or for other purposes, and laid below the surface 
of the ground, shall not be permitted to fall below the eij^uivalent of 
ten megohms for a length of one mile. A test of the insulation resis* 
tanoe 9 I all such cables shall be made at least onoe in each month. 

64. Every insulated return shall be placed parallel to and at a 
distance not exceeding three feet from the line, 
Poation of return. return are both erected over- 
head, or eighteen inches when they axe both laid underground : _ 

Provided that the Local Government may permit any modification 
of this rule which it thinks fit. 

6 &. In the disposition, connections, and working of feeders the 
undertakers shall take all reasonable precautions 
Jeadors. to avoid injurious interference with any existing 

telegraph lines. 

The undertakers shall so construct and maintain their system as 
to secure good contact between the motors carried 
on the oars and ihe line and return respec- 
tively. 


66. 


NamtdQanoe 

coatJLot. 


of good 
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67 The undertakers shall adopt the best 
moans available for preventing undue sparking at 
any nibbing or rolling oontaot. 

68. In the ^working of the oars the current shall be varied as re- 

quired by means of a rheostat containing at least 
^ * twenty sections, or by some other equally efidoient 

method of gradually varying resistance. 

69. Where the hne or return or both are laid in a conduit, the follow- 
ing conditions shall be complied with in the oon- 
stniotion and maintenance of such conduit, namely : 


Prevention of sparking. 


Cbnduii. 


(а) The conduit shall be so constructed — 

(1) as to admit of easy examination of, and access to, the 

conductors contained therein and their insulators and 
supports ; 

(2) as to be readily cleared of accumulation of dust or 

other and no such accumulation shall be per- 

mitted to remain. 

(i) The conduit shall be laid to such falls and so oouneoted to 
sumps or other means of drainage as to automatically 
clear itself of water without danger of the water reaching 
the level of the oonduotois. 

(o) Where the conduit is formed of metal, all separate lengths 
shall be so jointed as to secure efficient metallic contin- 
uity for the passage of eleotrio currents. Where the 
rails are used to form any part of the return, they shall 
be electrically connected to the conduit by means of 
copper strips having a sectional area of at least one six- 
teenth of a square inch or other means of equal oonduo 
tivity, at distances not exceeding 100 feet. Where the 
return is wholly insulated and contained within the con- 
duit, the latter shall he conneoted to earth at the generat- 
ing station through a high-resistance galvanometer suit- 
able for the indication of any contact or partial oontaot 
of either the line or the return with the conduit. 

(t?) Where the conduit is formed of any non-metallio material 
not being of high insulating quality and impervious to 
moisture throughout, and is placed within six feet of any 
pipe, metallic straoture or substance, a non-oonduotiug 
screen shall be interposed between the conduit and the 
pipe, metallic structure or substance, of such material 
and dimensions aa shall provide that no current can pass 
between them without traversing at least six feet of 
earth, or the conduit itself shall in such case bo lined 
with bitumen or other non-conducting, damp resisting 
material in all oaees where it is placed within six feet of 
any pipe, metallic structure or substance. 

(б) The leakage-current shallhe ascertained daily, before or after 

the hours of running when the line is faUy charged, and, 
if at any time it sh^l be found to exceed half an ampere 



APPENDIX. 


3C7 


per mile of tramway, the leak shall be localised and re- 
moved as soon ns praetio.ible, nud the running of the oars 
shall be stopped unless the leak is localised and removed 
WTthin iwoiity four hours. 

70. The undertakers Ehall, so far as may bo apnlicahle to their 

system of working, keep records as specified 
below These records shall, if and wlien required, 
be for^^arded for the information of any olHoer autlujrized by the Local 
Govornment m this Leludf 

Dailj/ Record'S^ 

Number of cars running 

Maximum working curient. 

Maximum working pressure. 

Maximum cuiTent from the earth oonneotions {vide rule 58 («)], 

Leakage current \vido rules 6:i and 69 

Toll of potential m reiuin [ndc rule 59). 

Monthly Records, 

Condition of earth oonneotions {lido rule 67). 

Insulation resistance of insulated cables {vide rule 63). 

Quarto hj Re ords. 

Electrical connection of joinfs with pipes (fide rule 60). 

Oicamnal Rf cords. 

Any tests made under provisions of rule 68 (ii). 

Localisation and removal of leakage, stating time occupied. 

Paitioulars of any abnormal ocourienoe affecting the electric 
working of the tramway. 

71. Passengers shall not have access to any portion of the oleofrio 

^ ... circuit having a f router difference of potential 

Ciroiut to ho innocoas- x^''^**"*”* 

ibio to pafasongors eaiLh than 100 volts. 

72. All olectrio mains, leads and connections used in or upon 

ConnootionsonoA... »ny shall be of ample size and Ihorouehly 

insulated and protooted by safety fuses or other 
out-outs which will operate to bi'oulc ibe circuit before ilie current has 
risen to an amount which would oauso any lujuiions hotiling of the 
oonduotors, and the length of every safety fuse iu tlio clear shall not 
be less than two inolies. 

73. The eleotrioal pressure or difTorenoo of potential between 

Limit of rrosBuio condiiotors UHed in direct eleotrioal 

^ ' connection with the worKing of the tramways by 

electrical power and tie earth or between any two suoli suspended 
oonduotors, ehall in no case exceed 500 volts oonlinnons pressure. 

74. The trolley wiie shall be in no i)arfc at a less height from the 

Eo.«ht of oonductow. the street than 17 feet and slmll ho 

securely attached to supports, the intervals 
between which shall not, unless the Local Government otherwise diieots, 
'exceed 120 feet. 


xvi 


AI^PBNDIX. 


76. Where the feeders of aoy tramway are on the same supports 
^ as the trolley wire the provisions of rule 24 (1) 

Height of feedera. ghall not appl7. 

76. GThe sectional area of the eoaduotor in any elcotrio line laid or 

erected in any street after the oommenooment 
these rules shall not he less than the area of 
a circle of one-tenth of an inch diameter, and, 
where the conductor is formed of a strand^pf wires> each separate wire 
shall be at least as large as No. 20 standard wire gauge : 

Provided that nothing in this rule shall apply to any eleotrio line 
connected with the rails for the purpose of measuring the fall of 
potential in the return and not otherwise connected with the eleotrio 
circuit. 

77. No part of any eleotrio line shall be used for the transmission of 

more than 300,000 watts, except with the consent 
Limit of power. Writing of the Looal Government, and 

efficient means shall he provided to prevent this hmit being at any time 
exceeded . ^ 

78 All electrical conductors fixed upon the carriages in oonneotion 
with the trolley wheel shall be formed of flexible 
t.on°mth^?S?ie%rer' cables proteoted by durable insulatioix of Jbe 
highest quality, and additionally prutected 
wherever they are adjacent to any metal so as to avoid risk of the 
metal becoming charged. 

79. Every trolley standard shall be eleotrioally connected with tlie 
^ j j wheels of the carriage in such manner as to pro- 

° vent the possibility of this standard becoming 

electrically charged from any defect in the electrical conductors con- 
tained within it. 

80. An emergency out-ofE switch shall be provided and fixed so 

„ , , as to be conveniently reached by the driver in 

mergency swi failure of aotiott of the controller 

switch. 

81. Sufficient guards sliall be erected and maintained at all places 

where telegraph lines cross above the eleotrio oon- 
Quar a. duotors of the tramways. 

82. The undertakers shall give immediate notice to the nearest 

police-station and also to the Local Government 
Acoident to be report© Occurrence of any accident by explosion or 

fire, or of any other accident causing or likely to cause lose of life or 
personal mjury in oonneotion with the eleotiio working of the 
tramways. 

Prevention op injory to Telegraph Lines. 


83. The undertakers shall construct their eleotrio supply-lines and 
other works of all descriptions, and shall work 
wked’^^hlneVSd their uudetfaking in aU respeotewith due regard 
to telegraph line, to the telegraph line established by, or license 

from, the Governor-General in Council, and to 
the currents in such telegraph lines, and shall use every reasonable 
means in the construotion of their eleotrio supply-lines and other works 
of all descriptions, and in the working of their undertaking to prevent 
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injurious affection, whetlier hj induction, or otherwise, to such tele- 
graph lines or the ourrrents therein. 

(2) Where dnj question arises as to whether the undertakers have 
onnstruoted their electric supply-lines or other works, or woiked their 
undertaking in contravention of this rule, it shall be determined by the 
Local Government, and the undertake! s shall he bound to make any 
alterations in, or additions to, then system which may be directed 
by the Local Government, 

84. If any telegraph line referred to in ru^e 83 is injuriously 


84. If any telegraph line referred to in ru^e 83 is injuriously 
affected by the construction by the undertakers 
Undert4ikeri to bo electric Bupply-lines and works or by the 

° working of the undertaking by the undertakers, 
the undertakers shall pay the expense of all suoh 
alterations in suoh telegraph lines os may be necessary to remedy such 
injurious affection. 

Explanation . — A telegraph lino shall bo deemed to be injuriously 
affected by an act or work, if telegraph communication by means of 
such line is, whether through induction or otherwise, in any manner 
affected by such act or work or by any use made of suoh work. 

86. Before any electric supply-line is laid down or any act or 

work in connection therewith is done within 10 
.Bthonty m of any part of a telflgrapH line (other than 

and complianoo With tele- repairs Or tne laying of linos oiossing such 
gniph roquiremonts. telegraph line at right angles at the i)omt of 
shortest distance and so continuing for a distance of six feet on each 
side of such point), the undertakers shall, not more than 28 nor less 
than 14 days before commencing the work, give notice in ^vriting to the 
telegraph authority, specifying the course of the Ime and the nature 
of the work, including the gauge of any wire, and tlie undertakers 
shall conform with suoh reasonable requirements (either general or 
special) as may from time to time be made by the telegraph authority 
for the purpose of preventing any telegraph line from being 
injuriously affected by the said act or work. 

86. Where any difference arises between the telegraph authority 
^ ^ and the undertakers with respect to any require- 

“isnts of the teloffraph Ruihority, it shall be 
ftuthonty and under- referred to the Local Government for decision, 
**^^®^®* and the orders of tho Local Government thereon 

shall be final. 

87. Nothing in the four last foregoing niles sliall apply to any 

case in which the undertakers can show that the 
•r^eiwnoy?^ immediate doing of the act or exeontion of the 

work was required to avoid an accident, or other- 
wise was a work of emergency, and that they forthwith served on the 
ojEoer in charge of the Central Government Telegraph OiBoe at the 
town or station where the aot or work was done a notice in wriling of 
the execution thereof, stating the reason for doing or executing the 
the same without previous notice. 


Soitlomont of dilToron* 
ooB botwoon telti^rupli 
ftuthonty and undor- 
takeia. 
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i 

EEPOET OF THE JOINT SELECT COMMITTEE ON ELEOTllIO 
POWEES (PEOTECTIVE CLAUSES). 

The Joint Select Committee — appointed to join with a 
Committee of the House of Lords to consider and report 
whether the grant of Statutory powers to use Electricity 
ought to be qualified by any prohibition or restriction as to 
Earth Return Circuits, or by any provisions ns to Leakage, 
Induction, or similar matters, and if so, in what cases and 
under what conditions — framed the following CLAUSE, 
to be inserted in all Bills and Provisional orders which 
authorise any Company, Corporation or Person, collectively 
referred to as “ the Undertakers,” to uso larger Electric 
Currents /or other than Electric Lighting purposes. 

1. The Undertakers shall, in the use of eleotrio power under the 
provisions of this Aot (Order), employ either insulated returns or 
uninsulated metallio returns of low resistanoe. (This clause not to 
apply in the oese of railways, tramways, or tramroads in whioh the 
motive power is entirely self-oontained). 

2. The Undertakers shall take all roasonahlo preoautions in oon> 
stiuoting, placing, and maintaining their eleotrio linos and oirouits, and 
other works of all desoriptions, and also in working their undertaking 
so as not injuriously to afioot, by fusion or eleotrolytio'Votion, any gas 
or water pipes, or other metallio pipes, etruotures,-'Or eubstanoes. 

8. The exercise of the powers by this Aot (Order) conferred with 
respect to the use of eleotrio power, ^all bo subject to the refutations 
set forth in the Schedule to this Aot (Order), and to any regulations 
whioh may be added thereto or substituted therefor, lespeotivoly, by 
any order whioh the Board of Trade may, and wMdh they are horoby 
empowered to make from time to time, os or when they may tbitiV fife, 
for regulating the employment of insiJated returns or of uninsulated 
metalfio returns^ of low resistance, for preventing fusion or injurious 
eleotxolytio action of or on gas or water pipes, or other mmtnllin 
pipes, struoturos, or snhstanoos, and for minimising as for as is 
reasonably practicable, injurious interference wi^ the eleotrio 
wires, lines, and apparatus of other parties and the currents therein, 
whether such Imes do or do not uso the earth os a roturn. 

4. The Undertakers using eleotrio power contrary to the provisions 
of this Aot (Order) or to any of the regulations sot forth in the Soho* 
dule to this Aot (Order) or to any regulation added thereto or sub* 
stituted therefor by any order mode by the Board of Trade under the 
authoniy of this Aot (Order) shall, for every such oflenoe, he subject to 
a penalty not exceeding ten pounds, and also in the case of a con- 
tinuing offence to a further penalty not exceeding five pounds for every 
day during whioh such offence oontinuos after oonviotion thoreof: 
Provided always, that, whether any such penalty has been recovered 
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or not, the Boao'd of Trade, in oaso in thoir opinion the Undertakers in 
the use of electric power under the authority of this Act (Order) have 
made default in complying with the provisions of this Act (Order) or 
with any of the regulations set forth in the Schedule to this Act (Order) 
or with any regulation which may have been added thereto or substituted 
therefor as aforesaid may by order direct the Undertakers to cease to 
use electric power, and thereupon the Undertakers shall cease to use 
electric power, and shall not again use the same unless with the autho- 
rity of the Board of Trade, and in every such case the Board of Trade 
shall make a special report to Parliament notifying the making of such 
order. 


5. The Undertalcers shall take oil reasonable and proper precautions 
in constructing, placing, and maintaining thoir electric lines, circuits, 
and other works of any description and in using their eleotrio lines, 
circuits and other works so as not injuriously to interfere with the work- 
ing of any wire, line, or apparatus, from time to time used for the 
purpose of transmitting eleotrio power, or of telegraphic, telephonic, 
or eleotrio signalling communication, or the currents in such wire, 
line, or apparatus. Provided always that the undertakers shall 
be deemed to take all such reasonable and proper precautions as 
aforesaid, if and so long as they adopt and employ, at the option of 
the undertakers, either such insulated returns or such uninsulated 
metallic returns of low resistance, and such other means of provout- 
ing injurious interference with the eleotrio wires, lines, and apparatus 
of other parties, and the currents therein, os the Board of Trade 
shall direct, and in giving such directions the Board shall have 
regard to the expense involved, and to the effect thereof upon the 
commercial prospects of tfie undertaking. Provided also that at 
the expiration of ( ) j^ears from the passing of this A ot (Order) 
nothing in this sub-seotion shall operate to give any right of action 
in respect of, or to protect any eleotrio wires, lines, or apparatus, 
or the currents therein, unless in the construction, erection, 
maintaining and working of such wires, lines, and apparatus, all 
reasonable and proper precautions, including the use of an insulated 
return, have been taken to present injurious interference therewith, 
and with the currents therein, by or from other electric ourrents- 
If any difference arises between the^ undertakers and any other 
party with respect to anything in this sub-seotion contained, such 
difference shall, unless the ‘ parties other^^ise agree, be deterzained 
by the Board of Trade, or at the option of the Board by an m'bitra- 
tor to be appointed by the Board and the costs of such determination 
shall be in the discretion of the Board, or of the arbitrator, as the 
case may be. 


(6) Nothing in this section shall apply to tho use of any eleotrio 
line, circuit, or work of any company, corporation, or person author- 
ised ^ by Act of Parliament, or Provisional Order confirmed by 
Parliament,^ to supply energy for eleotrio lighting purposes, so far 
as such use is limited to sudi purposes. 
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The Committee also agreed upon the following Resolu- 
tions in the nature of recommendations^ viz : 

(1) The Oomnnttee haviQg regard to tho ovidonno before them, 
are of opinion that it is not in ilio presniit state of elootrioiil soionoe 
to the infcexeBt of the puhlio to insist upon oleofnoal tramways using 
an insulated return conduotor, and that such lusiBlanoo would retard 
the development of elootiio traction. 

(2) The chief objeotions which have been urged boioro tho Gom- 
mittee to an uniusulated retiini oonduotor aro, lirnt, Gio inlerferenoo 
by leakage and induotion with telophouos; secondly, ilio intorforonce 
by leakage and induction with railway signals ; t)iirdly, tho damage 
to systems of gas and water-pipea by tho aoliou of leakage ourronts, 

(8) They are of opinion that the host km,wn moans of ovorooming 
the first of these distuibanoea, is by providing an inBulatod return 
oonduotor ft»r the telephones, and they have tho loss licsitation in 
recommending this course, as tho evidoiipo sliows tliiit t.olopboiio con- 
struction is already tending in tliis clirootion, and that hotter results 
are secured to the public by the use of a twisted luotullio circuit 
insulated entirely from the earth, 

(4) The second objection deserves seiions considoraLion on account 
of the danger to the public, but tho Oommittoe nro of o]>inioQ tliat 
the disturbance may be remedied at comparatively small expense 
by the adoption of an insulated motalho return by the Railway 
Companies. 

(6) They consider that, although Bleotrio Tramway and Electric 
Railway Companies siiould bo allowed to use tho wheola of carriages and 
the rails to complete the electric circuit, the currents should be produced 
and used in such a manner as to mitigate, as far as is practicable, any 
injurious effect to telephonic communication. 

(6) The Committee are of opinion that it is desirable in ovoi^ 
way to facilitate tbo use of ooraploto insulated motnllio oirctiils for 
telephones, and for this end they reconainoud that statutory powers bo 
granted enabling telephone undertakers to lay tboir wires underground. 

(7) The danger from fusion or olootrolytio action appears to the 
Committee to have orison from a faulty systom of constructing 
electric tramways, and they ore of opinion that it can bo reduced by 
improved methods of ooustraotion so as to bo practically nogligible. 

(8) The Oomnuttee, therefore, recommend that tho Board of Trade 
shall, in virtue of the powers to be conferred upon thorn by each Act 
or order, make regulations to secure tho best sjstom of working elootrio 
ti'amways and railways, having regard to the ex]?enae involved by tho 
carrying out of suoh regulations, and to the effect thereof upon tho 
corameroial piospeots of ihe undertaking. Tho regulations to provide 
tnfet?* aha — 

(fl) That a return oonduotor, if in oontaot with tho ground, shall 
be of such section and roaistanoo as to have no d-floronoe 
of potential suificient to set up injurious leakage currents 
in the earth. 

(A) That, both with regard to tho slructuro of tho lino, and to 
the method of generation and uso of tlio electrical current, 
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everything sUnll bo mainttiiued up to the standard required 
by the Board of Trade ; but, ii! tho regulations are altered 
after the use of eleotrio power on tho Ime has been sano- 
tioned, the undertakers shall not bo required to alter the 
structure, or method of working of tho line to conform to 
the more recent roguktioiis, except for the public safety 
or unless it shall he proved to the satisfaction of the Board 
of Trade that any system of mettillio pipes or structures is 
being substantially injured by the action of electricity 
escaping from the conduotois, or for purposes other than 
puhlio safety or in]uiy to pipes or struotures which the 
Board may tlunk right, provided that the alterations do 
not in such last cose cause suhstantiul additional expendi- 
ture. 

{c) That all such electrical testa shall be applied to the line by the 
uudertakors as the Board of Trade may think necessary, 
and that a record of these tests shall ho kept for the 
information of the hoard of Trade 
(i/) That the Board of Irade shall have all ronsouahle facilities for 
making any tests they may think necessary, in addition to 
those recorded by the uudertakors to enable them to insure 
the maintenance of satisfactory conditions. 

(9) That the Committee regards with apprehension a large exten- 
sion of the system of overhead wires in crowded centres 

(10) It appears to the Oominittee to bo just that undertakers propos- 
ing to use large currents should ho required to give ample notice to 
those using small currents to enable tliem to proteot themselves by 
insulation, and that with this view, and in reference to the clause 
agreed upon, a period of two years may fairly be allowed to Telephone 
and Telegraph Companies from tho date of the passing of any Act 
(Order). 
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HEPORT OF THE COMMITTEE APPOINTED TO FURTHER CON- 
SIDER THE BEST AND MOST DP-TO-DA.TE METHOD OP 

G-UARDINQ- TELEORAPH WIRES FROM OVERHEAD ELECTRIC 

TRAMWAY WIRES. 

The Oommittee consider that Rule 81 of the Government of India 
may with advantage be amplified, as regards the Oalofltta Tramways, by 
the following danse and aocompanyin g explanatory momorandum i — 

Chu^e^ 

[Noth. The expresaion * 'telegraph wire** laoludee all telegraph and tolephono wii*08,] 

“ Efficient guards shall be erected and maintained at all places where telegraph, 
lines unprotected with a permanent insulating covonng cross above, or are 
hablo to fall upon, or to be blown on to, the eleotrio conductors of iho tramways . 

Provided uwt where the undertakers, have Imos erected and other wires are 
made to cross them after erection, the guards should be paid for by the person 
whose wires are erected last 

Where any difference or dispute arises between the owner of the telegraph 
line and the undertakers or their agents, the matter shall be dotorminod by the 
Local Government in accordance with section 24 (6) of the Calcutta Eleotrio 
Lighting Act (Bengal Act LSC of 189S) ** 

The proviso, it will be noticed, ia the third recommendation contained 
in the report of the Committee on the question of guarding aerial lines, 
dated 3rd May 1901. 

As a guide to the best and most efficient way in which the guarding 
may be done, the Committee have adopted the following explanatory 
memorandum, based chiefly on a similar document framed by the Board 
of Trade in 1902 : — 

Explanatory Memorandum. 

1. (1) Each guaxd wire must consist of a strand or wire of not less 
weight or oonducfcivitjy than a No. 8 galvanised iron wire. 

(2) Each guard wire must be efficiently connected to the rails at 
one point at least, and at intervals of not more than three spans. 

(3) The resistance from the guard wire to the rail must be such 
that a short circuit between the trolley wire and guard wire will open 
the fuse or circuit-breaker protecting the section of trolley wire oSEGotod, 
and the gauge of the guard wire must be such that it will carry, with- 
out fusing, a current 60 per cent, greater than that required to effect 
this. 

(4) The earth connection should bo made by connecting the support 
to the rails by means of a copper bond. W'hen first orootod the 
effioienoy of the foregoing arrangement shall be tested, and periodical 
tests shall be subsequently made to prove that the effioienoy is main- 
tained. The results of all such tests ^11 be submitted for approval 
to an officer appointed by Government in that behalf. 

(6) The supports for the guard wires should be rigid, and of suffl- 
oient strength for their purpose, and at each support each guard wire 
must be securely bound in or terminated. 

(6) The rise of the trolley boom shall be so limited that if the 
trolley leaves the wire, it will not foul any telegraph line. 
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2. Ohdinarx Guarding Arrangements. 


Telegraph hues oromng trolley wires. 


(1) Where there is only one trolley wire, two guard wires should 
be erected (Fig. 1). 


CM 





Fig. I 


(2) Where there are two trolley wires not more than 16 inches 
apart, two guard wires should be erected (Fig, 2). 






I 
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Fig. 2. 

(3) Whore there are two trolley wires and the distance between 
them exceeds 15 inches, but does not exceed 48 inches, three guard 
wires should be erected (Fig, 3). 



O <•“ Ovor 15 aificT up to 48->i 


Fie. 3. 

(4) Where the distaiioe between the two trolley wires exceed 48 
inches, each trolley wire should he separately guarded (Fig. 4). 






MIU 


-0va>*48' 
Fig. 4. 
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3. Ordinary Guarding Arrangements. 

Telegraph lines paralled to trolley hnes. 

(1) Where the horizontal distance between a telegraph wire and a 
trolley wire is 20 feet or less the same guarding arrangements shall bo 
made on the side towards the telegraph line as are described in clause 
2 of this memorandum, but if rendered necessary by the conditions, the 
guard wire may be placed at a greater distance than 8 inches horizon- 
tally from the trolley wire. The height of such guard wires shall in no 
cas<^ exceed 30 inches above the trolley wire. 

(2) When the telegraph wires are of such a height relatively to 
the trolley wires as to make it possible for a broken wire to fall on an 
aim, stay or span wire, and to slide down into proximity to a power 
wire, guard^ hooks should be fitted, which, in the case of span wires,, 
should be triple in view of th6 twistmg of the span wire. 

4. Special Guarding Arrangements. 

In exceptional oases, such as in exposed positions or for unusually 
heavy ^ telegraph lines, special precautions should be taken. The 
following are a few examples : — 

(1) At junctions or curves, where parallel guai’d wir'ng would be 
complicated, two guard wires may be so erected that a falling wire must 
fall on them before it can fall on the trolley wire, 

(2) In oase^ of specially heavy telegraph lines lines carrying 
more than 24 wires) the guard wires should, in the absence of an agree- 
ment to the contrary, be of the cradle or hammock type suspended 
beneath the telegraph lines from special posts. 

(3) othercases, subject to mutual agreement between the parties 

the owners of the crossing wires should substitute cables, either aeriai 
or underground according to oiroumstanoes. 

(4) It is desirable, -where possible, to divert telegraph lines from 

junotions and trolley wire crossings, and undertakers 
should endeavour to make arrangements to that effect with the owners 
of telegraph wires. 
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POST OFFICE TELEGRAPHS (GEE AT BEITAIN) 

RULES FOR GUARDING AERIAL LINES. 

AlWil 1899, 

Memorandum for the informniion of Owners of Power Cirouits as 
to i>reoaiiti()nfl to be taken to proteofc telegraph wires, the property of 
the PoBiinastfSr-Geneial, from Overhead Eleotrio Light, Tramway, or 
to other power oairying wires, oalled herein ** Power Circuits.” 

Oomplianco with tho following regulations is requu’ed by the Post- 
masler-Oonoral under the section of the Aot or order which authorises 
the untlcrtakiiig in which provision is made for the protection of the 
Postmastcr-Gcuoral, but this requirement shall not be deemed to be 
tho only requirement which may be made by the Postmaster-General 
under tlie said provision, and shall not prejudice any other reasonable 
requirement made by him under such provision. 

A. Guard wires : — 

In all oases in which a telegraph wire is crossed by a Power Circuit 
or whoro they are so placed relatively to one another that they are 
Uable to come into contact, guard wires must be so erected as to provent 
the possibility of such an ocourrenoo. 

(fli) In oases in which the Power Circuit is below a telegraph wire, 
the following rogulntions shall bo observed; — 

1, A Buffioient number of guard wires shall be erected over the 
Power Oirouit to prevent a broken telegraph wire from touohing the 
latter. 

2. "Where the Power Oirouit oonsisls of a single wire, or of two 
wires oloso to ollhor, two guai’d wires shall bo used. These shall 
overlap the Power Oirouit eight inolies on each side so that the broken 
end of a telograpli wire falling aorosa them shall hang clear of the 
Power Circuit. In no ease will tho use of a single guoj’d wire be 
permitted. 

3, Whore tho wires of iho Power Circuit arc so for apart that 
two guard wires will not afford Buffiuiont protection, tlion the guard 
wires shall be iuoronacd iu iiumbov to a auitablo extent, or an emoient 
method of lacing across with No. 12 S.W.G. wire for a distance of 
threo foot on oaoh Hide of tho crossing may be adopted. 

4. Whore a telogi’apli wire rims parallel to a Power Oirouit, and 
oooupios a position vertically above it, guard wires shall be fixed over- 
lapping tho Power Oirouit as in the oaso of orossingfl, but m all such 
oases the guard wires shall bo laced across with No. 12 S.W.G. wire 
at intervals or not more than 18 mclies for such a length as may be 
necessary to afford protection. 

6. The size of the guard wires shall be not less than No. 8 S.W.G. 
or its equivalent, and these wires shall be erected as to have a factor 
of safety of at least three at winter temperature, 
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6. The guard wires shall he terminated at every support on a 
siiitable appliance for the safe attachment of the wire so os to utilize 

its full strength. « , , . , j . 

7. The guard wires shall be fixed preferably on independont arms, 
hx\t in all cases they shall be supported in a sufiBoieutly rigid manner 
to hold up the weight of the telegraph wires should they fall across 
ttkem. 

8. The guard wires shall he not less than one foot six inches or 
ttLore than three feet above the Power Oirouit. 

9» The guard wires shall be well earthed at every support 

(5) Where the Power Oirouit is above the telegraph wires, the same 
principle shall be followed in designing the mode of protection. 

10. The overlap of eight inches referred to in paragraph 2 will 
XU this case lefer to the Department’s wires. 

11. In this oase Hie guard wires may be fixed on the Dopartmont’s 
;poles where such a course is obviously advantageous. Inasmuch, 
iaowever, as Departmental officials only can be authorised to deal with 
the Department’s lines, it is essential that when guard wires are so 
placed their installation and maintenance be undertaken and the whole 
of the materials be provided by the Department. 

B. Fuses: — 

12 In all cases the telegi’aph wires shall be fitted with fuses at 
suluahle points on both sides ot the Power Oirouit. 

13. Where crossings are numerous in a locality, the wholo of them 
mny be protected by providing two sets of fuses, one at each of the 
extremities of the area covered by tho Power Oirouits. 

(Paragraphs 14 and 16 oonoorn Departmental Officers only.) 

D. Cost:— 

16. The whole cost of protecting the Dopartmont’s circuits shall 
“be borne by the body owning tho Power Oirouit, 
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ELEOTHICAL ACCIDENTS. 

During a recent storm several horses received shocks by coming 
into contact with fallen wires, and the JSnffltskman suggested that 
the public should be instructed as to how to proceed in such oiroum- 
stonoes. With this end in view I append the following note on the 
treatment of the injured (Paris) and also the “Instructions to the 
police” issued at Capo Town by Mr. A. P. Trotter, then Govern- 
ment Eleolrioal Engineer, and now Electrical Adviser to the Board of 
Trade. I have only mode [such alterations as are necessary in view 
of the change of locality. 


ELECTIO SHOOKS. 

Tub Treatment oe Victims. 

I, Whenever a person is injured by the falling down of, or from 
contact with, an electric wire, tho8e_ present must not, under any 
oiroumstanoes, touch the ©leotrio wire with their hands. 

II. It is important to release the victim from the wire as soon as 
possible, and a piece of dry wood (broomstick for example) will serve 
the purpose. This should be done with the greatest precaution. With 
the same piece of wood, the wire can then be pushed aside, if it 
obstructs the way. 

TTT- The central power-house, _ through the nearest police or tele- 
phone station, should then bo notified to stop the current, and the 
nearest physician called, who will treat the patient similarly to a 
di’owned person. 

The following recommendations should ho given publicity where the 
nooidental falling of an eleotrio wire can cause injury. Although the 
instruotious are given that the physioian should be called, the bystanders 
should not wait before giving assistance to the stunned patient. It is 
therefore, wise to publish the methods for aiding such oases as reoom- 
mended by the Oonseil D’llygione et do Solubrite du Department de 
la Seine. The patient is removed from the place of aooidont, the neck 
and chest freed, and resuscitation is then attempted by any of the 
following methods s — 

(а) Eythmionl traction of the tongue. 

(б) Artificial respiration. 

It is best, if possible, to oombino two molhods. 

(«) Rythmical traction of the tongue. — The manipulation should 
be oommeuoed as soon as possible. 

(1) Thopatient is placed on the back: the head slightly turned to 
one side. 

(2) The jaws are opened ; separating thorn by force if necessary. 

(8) The tongue is seized between the thumb and index finger with 

a handkerchief or cloth. 
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(4) The ton^e is forcibly drawn out of the mouth repeating 
twenty times a minute. Do not be afraid to draw it out too strongly : 
it is necessary that at each traction the jaws be opened wide and that 
the tongue protrudes entirely beyond the mouth. 

(6) These movements of the traction of the tongue should bo con- 
tinued with persistence for at least one hour. 

N. B. — If the operator becomes oonCiaed by the number of traotiona, he can recfulato tho 
xiiunber by his own respiration and perform traction on the tongue of the patient with oaoh 
respiration of his omi. 

_ Tho appeaiance of hiooough or vomiting io a favourable sign; when 
it oeonra it w neoesaaiy to continue the traotions on for a long time. 

(6) Artificial respiration. — Tho patient is placed on his back, the 
Bhoulders sli^tly elevated, the mouth opened and tho tongue well 
drawn out. The following methods are used: 

(1 ) The arm of the patient is masped at the elbows and brought 
firmly against the side of thoras. Then the elbows are moved 
y-pwards above the head, describing the arc of a circle, and lastly bring- 
ing them back to their first position and press firmly against the side of 
the thorax. iRepeab these movements about twenty times a imnuto and 
continue until respiration is re-established. 

(2) Place the hands flat upon the inferior and lateral parts of the 
thorax, using vigorous pressure and letting go immediately after the 
^pressure. Repeat these movements about twenty times per minute ; 
continuing same until normal respiration supervenes. 


INSTETJOTIONS TO POLICE IN CASE OP ACCIDENTS. 

If ft wire falls in a street in whiob the elootrio tramway runs, and 
the end hangs loose, or lies on the ground, tho best thing to do is to 
unWonepf the Tramway Company’s staff oomes. In 
suoh a case the best thing that a oonstahle can do is to pro vent anybody 
from touching the wire. j j 

If a wue as it lies on tho street is an obstmotion to the troifio, it 
may be pulled on one side, by means of a stick (a walking stick with a 
hooked handle wo^d do well) or it may be moved by using rubber 
goves. I* te better to allow the traffic to bo irapodod tLn that 
the ooMteble should leave the wire in order to get the gloves from the 

+ 1 . wires which run above tho middle of the street are called 

the tioUey wires. They ronvey the current to the oars. Smaller wires 
^Ued span wires, are stretched aoross the streets to support tho trolloy 
wires are erected in some stroots for tho purpose of 
preventing telephone wires from falling on the trolley wiros^ If a 

g?ard wires from touching the 
^ V *°^°bes a span wire, and does not touch the trolloy 

can be drawn away and tied up without any risk of 
touo^g the trolley wire while doinj so, this maybe done 
gloves should be used. If there is any risk of touohiuff the Irollev 
we mth the wire which is to be handled, it is better toL»a itflmo 

and to see that nobody else touches it until a tramway man oomes. 
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If a wire falls across a trolley wire, or the trolley wire itself touches 
the tramway rails, there will do a violent flash. When this flash 
ooours, an antomatio switch at the Tramway Works will he opened, 
and the eleotno supply will be out off on the seotion on which the 
accident has happened The trolley wire ia divided into sections of 
half a mile in length. As long as the switch is open, no tramoar can 
run on that seotion, and the wires are harmless. As soon as the attend- 
ant at the works sees tho automatic switch fall open, he will try to 
close it, in case the cause has been a momentary one. If, however, the 
wire still lies touching the rails, he will be unable to keep the switch 
closed. The same thing may happen if a wire falling on the trolley 
wire touches a tramway pole, eleofcrio lighting pole, telegraph pole or 
other metal work oonneoted with the ground ; but this is not certain. 

It is very undesirable to make a oonneotion between a wire and the 
tramway rails or any other metal work intentionally ; because the flash 
which will occur will bo so brilliant that it will unnooessarily alarm the 
bystanders, and may so dazzle the ooustahle who causes it to touch, 
that he may he unablo to see anything for a minute or so. 

It is a good thing to keep tho wire on the rail if it touches it all. 
It may bo held there with a stick, but it is advisable not to hold it 
there by standing on it, since if the rail ia dirty a slight shook, but 
enough to cause the person standing to fall, might result. 

If the end of a wire hangs loose in the street, and is an obstruction 
to traffic, a rope or piece of strong string may be put round it with a 
“half hitch, without touohii^ the wire with the hands, and it may 
then be drawn on one side. Great care must bo taken in doing so that 
it touches no other wire, pole or metal work. 

The oleotrio pressure (600 to 660 volts) used by the tramwOT w not 
sufficient to give a fatal shook to a human being. It is sumoient to 
produce serious bums. The pressure used for eleotrio lighting in 
Calcutta is 220 volts between any wire aud the earth. The highest 
pressure between any wires acoossible to the public is 440 volts; 220 
volts would probably bill a horse. 

If a wire falls on a person and winds round him, or becomes 
entangled in the clothing, the wire should bo pulled away with a stick, 
or by wrapping tho hand in a dry coat, or by means of rubber gloves, 
taking spooiol care that tho wire does not touch the skin either of the 
victim or of tho rescuer. 

A severe eleotrio shook may produce sudden stoppage of tho leapi- 
ratory and heart muscles. If tho stoppage of the heart’s action is 
compete, it ia doubtful if anything can be done.* But iu some dh^es 
the stoppage is not complete, and animation is only suspended. The 
condition is similar to that of apparent death by drowning, aud tho 
well-known method of producing artificial respiration should be resorted 
to without delay. 

* A OOBO wufl rooontly ropovtod in England, where standing tho apparently hfoloBs man on 
hiB head and thiiwping hia oliost ovoutuftlly started tho heart’s action ngiun, 

J, W. M, 
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Summary. 

If a wire falls harmlessly, leave it alone, and prevent any on© from 
touching it. 

Only the trolley wire, or wire touching it, does mischief. 

The electric ourrent is, as it were, always trying to pass from the 
trolley wire direct to the tramway rails, or through the earth to the 
rails. 

A shook can only be felt when the body forms part of a path by 
which the ourrent can pass from the trolley wire to the rails. 

The electric ourrent cannot pass through di^y Tjood, cloth or rope. 


3, S. tr6iis--39rur--60O-.l6-6-lD02.-O, A, P. A oiliow. 
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